The GLEASON 
GRADING SYSTEM 


A Complete Guide for 
Pathologists and Clinicians 


This page intentionally left blank. 


Jonathan I. Epstein, MD 


Professor of Pathology, Urology, and Oncology 
The Reinhard Professor of Urological Pathology 
Director of Surgical Pathology 

The Johns Hopkins Medical Institutions 
Baltimore, Maryland 


$. Wolters Kluwer Lippincott Williams & Wilkins 


Health 


Philadelphia + Baltimore + New York + London 
Buenos Aires + Hong Kong « Sydney + Tokyo 


Senior Executive Editor: Jonathan W. Pine, Jr. 
Product Manager: Marian Bellus 

Vendor Manager: Alicia Jackson 

Senior Manufacturing Manager: Benjamin Rivera 
Designer: Stephen Druding 

Production Service: SPi Global 


Copyright © 2013 Wolters Kluwer Health | Lippincott Williams & Wilkins 
Two Commerce Square 

2001 Market Street 

Philadelphia, PA 19103 


All rights reserved. This book is protected by copyright. No part of this book may be reproduced in any 
form or by any means, or utilized by any information storage and retrieval system without written per- 


mission from the copyright owner, except for brief quotations embodied in critical articles and reviews. 


Printed in the People’s Republic of China. 


Library of Congress Cataloging-in-Publication Data 
Epstein, Jonathan I. 

The Gleason grading system: a complete guide for pathologists and clinicians / Jonathan I. Epstein. 
— Ist ed. 

p- ; cm. 

Includes bibliographical references and index. 

ISBN 978-1-4511-7282-9 

I. Title. 

[DNLM: 1. Neoplasm Grading. 2. Prostatic Neoplasms—pathology. 3. Adenocarcinoma—diagnosis. 
4, Adenocarcinoma—pathology. 5. Prostatic Intraepithelial Neoplasia—pathology. 6. Prostatic Neoplasms— 
diagnosis. WJ 762] 

616.99'463—dc23 

2012005282 


Care has been taken to confirm the accuracy of the information presented and to describe generally 
accepted practices. However, the authors, editors, and publisher are not responsible for errors or omis- 
sions or for any consequences from application of the information in this book and make no warranty, 
expressed or implied, with respect to the currency, completeness, or accuracy of the contents of the pub- 
lication. Application of this information in a particular situation remains the professional responsibility 
of the practitioner; the clinical treatments described and recommended may not be considered absolute 
and universal recommendations. 

The authors, editors, and publisher have exerted every effort to ensure that drug selection and dos- 
age set forth in this text are in accordance with the current recommendations and practice at the time of 
publication. However, in view of ongoing research, changes in government regulations, and the constant 
flow of information relating to drug therapy and drug reactions, the reader is urged to check the package 
insert for each drug for any change in indications and dosage and for added warnings and precautions. 
This is particularly important when the recommended agent is a new or infrequently employed drug. 

Some drugs and medical devices presented in this publication have Food and Drug Administration 
(FDA) clearance for limited use in restricted research settings. It is the responsibility of the health care 
provider to ascertain the FDA status of each drug or device planned for use in his or her clinical practice. 


Visit Lippincott Williams & Wilkins on the Internet at: LWW.COM. Lippincott Williams & Wilkins 


customer service representatives are available from 8:30 am to 6 pm, EST. 


987654321 


Preface 


This book provides exhaustive coverage of the updated Gleason system, which deals 
not only with its pathology but also with the associated clinical correlations and prog- 
nosis. The primary market is surgical pathologists from the resident level to seasoned 
practitioners. A secondary market is urology residents, urologists, medical oncolo- 
gists, and radiation oncologists. The Gleason system is the most important prog- 
nostic marker of prostate cancer, which is critical to patient management and drives 
therapies across all disciplines dealing with prostate cancer. In addition to carrying an 
extensive number of photographs, this book covers in detail the clinically related is- 
sues that are crucial for the urologist, radiotherapist, and oncologists to know, such as 
predicting upgrading and downgrading from needle biopsy to radical prostatectomy, 
risk of Gleason grading change over time, significance of tertiary grade patterns, and 
prognosis and implications related to various Gleason scores and different therapies. 
In addition to classic examples, images that were particularly difficult for contribut- 
ing pathologists are included, as these cases are the most informative in showing the 
difficulties with Gleason grading. 


Jonathan I. Epstein, MD 
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HISTORICAL EVOLUTION 
OF THE GLEASON 


GRADING SYSTEM: 
FROM 1967 TO THE 
CONTEMPORARY ERA 


THE ORIGINAL GLEASON GRADING SYSTEM 


Historical Background 


In the United States in the 1950s, prostate cancer mortality was increasing nation- 
wide. Minnesotas mean prostate cancer-specific mortality was nearly 10% greater 
than the national average.’ At the time, Dr. George T. Mellinger who was the head 
of the Department of Urology at the Minneapolis Veteran’s Hospital established the 
Veteran's Affairs Cooperative Research Group (VACURG) to study prostate cancer. 
It was a cooperative group of Veteran’s Hospitals consisting of 22 investigators from 
14 federal health care institutes in 13 states. John C. Bailar III, M.D., Ph.D., headed 
the statisticians who were from the National Institutes of Health and the National 
Cancer Institute. A total of 270 men with prostate cancer enrolled from 1959 through 
June 1964 and formed the basis of their initial study.“ 

Donald Gleason who was the chief of the Department of Pathology at the Veteran's 
Hospital in Minnesota was tasked by VACURG to devise a new grading system for pros- 
tate cancer based on the study’s specimens (FicurE 1.1). As he stated: “I felt that the way 
to develop a histologic classification was to forget anything I thought I knew about the 
behavior of prostate cancer and simply look for different histologic pictures.... Then, 
the pictures would be handed to statisticians and compared with a ‘gold standard’ of 
clinical tumor behavior (i.e., patient survival).”' Gleason initially described nine differ- 
ent patterns that encompassed the full range of histopathology of prostate cancer, which 
was then combined by the statisticians into five patterns with different prognoses. It 
was noted that a given tumor often had more than one, typically two, patterns 
where the overall prognosis was intermediate between that predicted by the pri- 
mary (most prevalent) pattern and the secondary (second most common) pattern. 
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Figure 1.1. Pioneers of the Gleason grading system. Left: Donald F. Gleason, M.D., Ph.D. Middle: 
George T. Mellinger, M.D. Right: John C. Bailar Ill, M.D., Ph.D. (Reproduced from Phillips JL, Sinha 
AA. Patterns, art, and context: Donald Floyd Gleason and the development of the Gleason grading 
system. Urology 2009;74:497-503, with permission). 


In the earliest version of the system, there was a score that combined the numeric 
values of the primary and secondary histologic patterns along with a point value 
for clinical stage to derive a final “category score.” Category scores ranged from 
3 to 15, where the primary pattern, secondary pattern, and clinical stages were 
each assigned values from 1 to 5. The risk of death from prostate cancer for 162 men 
followed for 30 months was 0% (n = 41), 4.5% (n = 67), 24.5% (n = 49), and 80.0% 
(n = 5) for men with prognostic category scores 3-7, 8-9, 10-12, and 13-14, respec- 
tively. Looking just at the Gleason score, not factoring in stage revealed the following 
rates of prostate cancer death: 0/31 (0%) Gleason score 2—4; 8/87 (9.2%) Gleason score 
5—6; 0/13 (0%) Gleason score 7; and 11/31 (35.5%) Gleason score 8—10.4 

In 1974, Gleason and Mellinger updated the VACURG study in the Journal of 
Urology on the survival data of 1,032 men.’ Depending on stage, men were treated 
by radical prostatectomy alone, radical prostatectomy with diethylstilbestrol (DES), 
DES alone, orchiectomy, or orchiectomy plus DES. Again, both Gleason score and 
stage were predictive of death due to prostate cancer. Virtually no men with Gleason 
scores 2—5 died of prostate cancer. There was a progressive increase in cancer 
deaths per patient-year of follow-up for Gleason scores 6, 7, 8, 9, and 10.° 


The Original Gleason Grading System 


In 1975, the Jewett staging system for prostate cancer was introduced, which super- 
seded the VACURG staging system. Consequently, the VACURG category score 
was dropped, leaving Gleason grade to predict prognosis. There were two unique 
aspects of the Gleason grading system. First, it was based solely on the architec- 
tural pattern of the tumor.**’” These five Gleason patterns were reflected in a sim- 
ple diagram drawn by Gleason that helped popularize the grading system (FIGURE 
1.2).° Initially, some of the patterns were subdivided to denote different morphologies 
within the same Gleason grade pattern. For example, pattern 3A denoted medium-sized 
single glands, 3B small to very small glands, and 3C papillary and cribriform epithelium 


PROSTATIC ADENOCARCINOMA 
(Histological Patterns ) 


Figure 1.2. Original Gleason Figure 1.3. Gleason score 5 + 3 = 8 with mostly Gleason pat- 
grading system. tern 5 composed of individual cells (right) with a focal compo- 
nent of well-formed glands (lower left). 


in smooth, rounded cylinders and masses. Over time, these subdivisions within a given 
pattern were dropped. Another innovative aspect of this system was, rather than 
assigning the worst grade as the grade of the carcinoma that was the norm, the 
grade was defined as the sum of the two most common grade patterns, reported as 
the Gleason score. Synonyms for “Gleason score” are “combined Gleason grade” 
and “Gleason sum.” Both the primary (predominant) and the secondary (second 
most prevalent) architectural patterns are identified and assigned a number from 
1 to 5, with 1 the most differentiated and 5 the least differentiated (Figure 1.3). If 
a tumor has only one histologic pattern, then the primary and secondary patterns 
are given the same number. Gleason scores range from 2 (1 + 1 = 2), which repre- 
sents tumors uniformly composed of Gleason pattern 1 tumor, to 10 (5 + 5 = 10), 
which represents totally undifferentiated tumors. A tumor that is predominantly 
Gleason pattern 3 with a lesser amount of Gleason pattern 4 has a Gleason score 
of 7 (3 + 4 = 7), as does a tumor that is predominantly Gleason pattern 4 with a 
lesser amount of Gleason pattern 3 tumor (4 + 3 = 7). To distinguish between these 
two scores, which has prognostic significance (see Chapters 5 and 6), Gleason scores 
3+4=7 and 4+ 3 = 7 are occasionally referred to as Gleason scores 7a and 7b, respec- 
tively. The original description of this system, based on a study of 270 patients from the 
Minneapolis Veterans Administration Hospital, is seen in TaBLe 1.1. 


Early Modifications to the Gleason Grading System 


Initially, Gleason intended to classify carcinomas into four patterns, but a small group 
of distinctive tumors (clear cell) was observed and they were placed in a separate fifth 
category (pattern 4).? Gleason pattern 4 was described in a figure legend as “raggedly 
infiltrating, fused-glandular tumor, frequently with pale cells, may resemble hyper- 
nephroma of kidney.” The Gleason system was further refined by Mellinger in 1977 
when the papillary and cribriform tumor under Gleason pattern 3 was described as 
having a “smooth and usually rounded edge.”* These modifications of the Gleason 
system are depicted in TABLE 1.2. In describing the breakdown of Gleason patterns 
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ERRA 


Original Gleason System: 1966 and 1967 


Pattern 1: 
e Very well differentiated, small, closely packed, uniform, glands 
e Essentially circumscribed masses 


Pattern 2: 
e Similar (to Pattern 1) but with moderate variation in size and shape of glands 


e Cribriform pattern may be present, still essentially circumscribed, but more loosely 
arranged. 


Pattern 3: 
e Similar to pattern 2 but with marked irregularity in size and shape of glands 
e Tiny glands or individual cells invading stroma away from circumscribed mass 
e Solid cords and masses with easily identifiable glandular differentiation 
e Includes poorly formed individual glands 


Pattern 4: 
e Large clear cells growing in a diffuse pattern resembling hypernephroma 
e May show gland formation 


Pattern 5: 
e Very poorly differentiated tumors 
e Usually solid masses or diffuse growth with little or no differentiation into glands 


Bae 


Gleason's Modifications: 1974 and 1977 


Patterns 1 and 2: 
e Unchanged 


Pattern 3: 
e Adds to earlier description: May be papillary or cribriform (1974) that vary in 
size and may be quite large, but the essential feature is the smooth and usually 
rounded edge around all the circumscribed masses of tumor (1977). 


Pattern 4: 


e Adds to earlier description: Raggedly infiltrating, fused-glandular tumor (1974). 
Glands are not single and separate, but coalesce and branch (1977). 


Pattern 5: 


e Adds to earlier description: Can resemble comedocarcinoma of the breast (1977). 
Almost absent gland pattern with few tiny glands or signet cells (1977). 
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amongst 2,911 cases, Gleason pattern 1 was seen in 3.5%; pattern 2 in 24.4%; 
pattern 3 in 87.7%; pattern 4 in 12.1%; and pattern 5 in 22.6%. These percent- 
ages added up to approximately 150% since 50% of the tumors showed at least 
two different patterns. The only comment relating to tertiary patterns was “occa- 
sionally, small areas of a third pattern were observed.” 


THE 2005 INTERNATIONAL SOCIETY OF 
UROLOGICAL PATHOLOGY (ISUP) MODIFICATIONS 
TO THE GLEASON GRADE 


Why the Need for a Consensus on Gleason Grading? 


Since the late 1960s when the Gleason grading system was derived, the field of pros- 
tate carcinoma has changed dramatically. In the 1960s, there was no screening for 
prostate cancer other than by digital rectal exam, as serum PSA had not yet been dis- 
covered. In Gleason’s 1974 study, the vast majority (86%) of men had advanced 
disease with either local extension out of the prostate on clinical exam or distant 
metastases. Only 6% of patients had nonpalpable tumor diagnosed by transurethral 
resection and only 8% of patients were diagnosed with a localized nodule on rectal 
exam.’ The method of obtaining prostate tissue was also very different from today’s 
practice. Typically, only a couple of thick gauge needle biopsies were directed 
into an area of palpable abnormality. The use of 18-gauge thin biopsy needles and 
the concept of sextant needle biopsies to more extensively sample the prostate were 
not developed until the late 1980s.? Consequently, the grading of prostate cancer 
in thin cores and in multiple cores from different sites of the prostate was not an 
issue in Gleason's era. 

In the 1960s, radical prostatectomies were relatively uncommon, prostates 
were not as often removed intact, and glands were not processed in their entirety 
or as extensively and systematically to the degree currently seen. Further issues 
relating to radical prostatectomy specimens such as the grading of multiple nod- 
ules within the same prostate or dealing with tertiary patterns were not addressed 
within the original Gleason system. 

The Gleason system also predated the use of immunohistochemistry. It is 
likely that with immunostaining for basal cells that many of Gleason’s original 
1 + 1 = 2 adenocarcinomas of the prostate would today be regarded as adenosis 
(atypical adenomatous hyperplasia), a mimicker of cancer.” Similarly, many of 
the cases in 1967 diagnosed as cribriform Gleason pattern 3 carcinoma would 
probably be currently referred to as cribriform high-grade prostatic intraepithe- 
lial neoplasia or intraductal carcinoma of the prostate, if labeled with basal cell 
markers.'!'” 

Another issue that was not dealt with in the original Gleason grading system 
is how to grade newly described variants of adenocarcinoma of the prostate. Some 
of the more common variants where grading issues arise include mucinous carcinoma, 
ductal adenocarcinoma, foamy gland carcinoma, and pseudohyperplastic adenocarci- 
noma of the prostate (see Chapter 3). In addition, there are certain patterns of ade- 
nocarcinoma of the prostate such as those with glomeruloid features and mucinous 
fibroplasia (collagenous micronodules) where the use of Gleason grading was not 
defined. The application of the Gleason system for all of the reasons noted above var- 
ies considerably in contemporary surgical pathology practice compared to Gleason’s 
era and there arose a need for a formal updating of the Gleason grading system. 
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2005 ISUP Consensus Conference 


A group of urologic pathologists convened at the 2005 United States and Canadian 
Academy (USCAP) meeting in San Antonio in an attempt to achieve consensus in 
controversial areas relating to the Gleason grading system.” The goal of the meet- 
ing was to achieve consensus amongst leading urologic pathologists in specific areas of 
Gleason grading, including areas where there was either a lack of data or scant infor- 
mation as to the optimal method of grading. In the latter instances, the consensus was 
based on personal and institutional experience with a large number of cases. Over 70 
urologic pathologists from around the world were invited to attend, with most attend- 
ing. For the purposes of this meeting, “consensus” was defined when two-thirds of the 
participants were in agreement, although for almost all of the issues discussed a much 
higher degree of agreement was reached. A schematic diagram was developed to reflect 
the modified Gleason grading system, which was subsequently slightly further modified 
to reflect changes in grading cribriform cancer (see Chapter 2) (Ficure 1.4). 

It is remarkable that nearly 40 years after the inception of the Gleason grading 
system it remains one of the most powerful prognostic predictors in prostate can- 
cer. In part, this system has remained timely by minor adaptations of the system to 
accommodate the changing practice of medicine. The Gleason grading consensus 
conference resulted in a modified updated Gleason grading system that is more 
relevant to today’s practice. Specific modifications of the Gleason system based on 
this consensus conference and subsequent research are addressed in Chapters 2 to 4. 


Figure 1.4. Modified Gleason grading system. 


CHAPTER 1 


HISTORICAL EVOLUTION OF THE GLEASON GRADING SYSTEM: FROM 1967 TO THE CONTEMPORARY ERA 


CHAPTER 1: KEY POINTS 


e The initially described Gleason grade is defined as the sum of the two most 
common grade patterns, reported as the Gleason score. 


Both the primary (predominant) and the secondary (second most prevalent) 
architectural patterns are identified and assigned a number from 1 to 5, with 
1 the most differentiated and 5 the least differentiated. If a tumor has only 
one histologic pattern, then the primary and secondary patterns are given the 
same number. 


Since Gleason's initial description of his grading system, there have been 
major changes in prostate cancer detection and treatment, improvements 
in pathology diagnosis, and newly described pathologic variants of prostate 
cancer, all of which have impacted grading of prostate cancer. 


e A modified updated Gleason grading system resulted from a 2005 International 
Society of Urological Pathology consensus conference with minor modifica- 
tions added based on subsequent studies. 
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THE CURRENT 
MODIFIED GLEASON 
GRADING SYSTEM— 


HISTOLOGIC FEATURES 
OF CONVENTIONAL 
PROSTATE 
ADENOCARCINOMA 


GENERAL APPLICATIONS OF THE GLEASON 
GRADING SYSTEM 


As described by Gleason, the initial grading of prostate carcinoma should be 
performed at low magnification using the 4x and 10x objective.'’ After one 
assesses the case at scanning magnification, one may proceed to use the 20x 
objective to verify the grade. For example, at low magnification, one may have 
the impression of fused glands or necrosis but may require higher magnification 
at 20x to confirm its presence. One should not initially use the 20x or 40x 
objectives to look for rare fused glands or a few individual cells seen only at 
higher power, which would lead to an overdiagnosis of Gleason pattern 4 or 
5, respectively. 

The best way to report the Gleason grades in a pathology report is in a 
mathematical equation (i.e., Gleason score 3 + 3 = 6). Alternative methods in 
use may be misconstrued. For example, reports of “Gleason 3/5” could be inter- 
preted as either Gleason score 3 + 5 = 8 or the tumor is Gleason pattern three out 
of a maximum of five patterns (i.e., Gleason score 3 + 3 = 6). Cases diagnosed as 
“Gleason grade 4” can be considered as either Gleason score 2 + 2 = 4 or Gleason 
score 4 + 4 = 8. 
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GLEASON PATTERNS 


Gleason Patterns 1-2 


Gleason patterns 1 and 2 consist of fairly circumscribed nodules of closely packed 
glands. The glands are uniform in their size and shape with slightly more variation 
in pattern 2 than pattern 1. Smaller glands typical of Gleason pattern 3 are absent 
(Summarized in TABLE 2.3 at end of chapter; Figures 2.1-2.9). A Gleason score of 
1+ 1 = 2 is a grade that should be diagnosed, regardless of the type of specimen, 
with extremely rare exception. Most cases that were diagnosed as Gleason score 
1 + 1 =2 in the era of Gleason would today be referred to as adenosis (atypical adeno- 
matous hyperplasia). Modern pathologists have the advantage of utilizing immuno- 
histochemistry, a technique that was not available in Gleason’s era, to document basal 
cells in these well-circumscribed nodules ruling out carcinoma. 

It is now accepted that Gleason score 2—4 should not be assigned to can- 
cer on needle biopsy for several reasons: (1) poor reproducibility even amongst 
experts; (2) poor correlation with radical prostatectomy grade with almost all 
cases showing higher grade at resection; and (3) a diagnosis of Gleason score 
2-4 may misguide clinicians and patients into believing that the patient has an 
indolent tumor. Several studies have demonstrated that tumors on needle biopsy 
assigned a Gleason score of 2—4 are not infrequently associated with higher grade and 
high-stage disease at radical prostatectomy.** The major limitation of rendering a 
diagnosis of Gleason score 4 on needle biopsy is that one cannot see the entire edge of 
the lesion to determine if it is completely circumscribed. Consequently, most of the 
lesions that appear to be very low grade on needle biopsies are diagnosed by urologic 
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Figure 2.1. Schematic diagram of Gleason 
patterns 1-2. 


Figure 2.2. Well-circumscribed nodule of 
Gleason score 1 + 1 = 2 with back-to-back 
glands of relatively uniform size and shape. The 
lesion was entirely negative for basal cell mark- 
ers ruling out adenosis. The nodule was in the 
transition zone of a radical prostatectomy speci- 
men where a higher grade peripheral zone can- 
cer was the dominant tumor nodule. 
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Figure 2.3. Higher magnification of FIGURE 2.2 
with uniform glands with pale eosinophilic 
cytoplasm. 
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Figure 2.4. Well-circumscribed nodule of 
Gleason score 1 + 1 = 2 with back-to-back 
glands of relatively uniform size and shape. The 
lesion was entirely negative for basal cell mark- 
ers ruling out adenosis. 


Figure 2.5. Relatively well-circumscribed nodule 
of glands with minimal variation in size and shape 
consistent with Gleason pattern 2. The nodule 
was in the transition zone of a radical prostatec- 
tomy specimen where a higher grade peripheral 
zone cancer was the dominant tumor nodule. 


Figure 2.6. Gleason pattern 2 cancer in the tran- 
sition zone of a radical prostatectomy specimen 
where a higher grade peripheral zone cancer 
was the dominant tumor nodule. 
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Figure 2.7. Higher magnification of FIGURE 2.6 Figure 2.8. Gleason pattern 2 adenocarcinoma 
where the glands are larger and more uniform in with crowded back-to-back large glands with 
size and shape than Gleason pattern 3 cancer. abundant pale cytoplasm. 


pathologists as Gleason score 3 + 2 = 5 or 3 + 3 = 6. Studies have shown a dramatic 
decrease in the incidence of diagnosing Gleason score 2—4 on needle biopsy over 
the last decade. In one study, 24% of pathologists rendered a diagnosis of Gleason 
score 2—4 on biopsy in 1991, which decreased to 2.4% in 2001.° In another study 
analyzing biopsies from 2002 to 2003, only 1.6% were graded as Gleason score 2—4 
compared to 22.3% of the biopsies in 1994.57 

Low-grade cancers are rarely seen on needle biopsy because low-grade cancers 
are predominantly located anteriorly in the prostate within the transition zone 
and they tend to be small. Low-grade prostate cancer does exist and Gleason score 
3-4 adenocarcinomas may be uncommonly diagnosed on TURP and in multifo- 
cal low-grade tumors within radical prostatectomy specimens (FicurEs 2.10-2.12). 


Figure 2.9. Circumscribed nodule of Gleason 
pattern 2 cancer with minimal variation in size 
and shape of the neoplastic glands. 
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Figure 2.10. Well-circumscribed nodule of Figure 2.11. Higher magnification of Figure 2.10 
Gleason score 1 + 1 = 2 with back-to-back glands with uniform glands with pale eosinophilic 
of relatively uniform size and shape. The nodule cytoplasm. 


was in the transition zone of a radical prostatec- 
tomy specimen where a higher grade peripheral 
zone cancer was the dominant tumor nodule. 


In the majority of cases at RP, anterior Gleason score 2—4 cancers are small and coex- 
ist with higher grade peripheral zone cancers; the lower grade cancer is often not even 
recorded in the pathology report. In the same setting of a higher grade peripheral zone 
cancer when the anteriorly located Gleason score 2—4 cancer is larger, it is recommended 
to note the lower grade tumor nodule as a secondary tumor. 

Typically, both Gleason pattern 1 and Gleason pattern 2 carcinomas have abun- 
dant pale eosinophilic cytoplasm. It has been proposed that transition zone cancers 
be termed “clear cell carcinomas.”*’ These tumors do not have a unique histology, 


Figure 2.12. Same case as Ficures 2.10 and 2.11 
showing bland cytology with occasional visible 
nucleoli. 
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Figure 2.13. Schematic diagram of Gleason 
pattern 3. 


Figure 2.14. Individual well-formed glands of 
Gleason pattern 3. 


but rather reflect the finding that transition zone cancers are frequently low grade. 
Carcinomas with pale cytoplasm may also be found in the peripheral zone. 


Gleason Pattern 3 


Gleason pattern 3 cancer consists of variably sized individual glands that are well 
formed (Summarized in TABLE 2.3 at end of chapter; FIGURE 2.13). In contrast 
to Gleason pattern 4, the glands in Gleason pattern 3 are discrete units (FIGURES 
2.14-2.17). If one can mentally draw a circle around well-formed individual 
glands, then it is Gleason pattern 3. One should assign a Gleason grade at rela- 
tively low power (i.e., 2.5x or 4x objective). The presence of a few poorly formed 
glands at high power, which could represent a tangential section off of small 
well-formed glands, is still consistent with Gleason pattern 3 tumor. In contrast 


Figure 2.15. Gleason score 3 + 3 = 6 with 
discrete well-formed glands. 


Figure 2.16. Gleason pattern 3 with individual 
well-formed glands with intraluminal blue-tinged 
mucin secretions. 


CHAPTER2 THE CURRENT MODIFIED GLEASON GRADING SYSTEM 


Figure 2.17. Individual well-formed glands of 
Gleason pattern 3. Many of the glands have 
retraction artifact surrounding the glands that 
highlight their discrete (nonfused) morphology. 


to Gleason patterns 1-2, Gleason pattern 3 glands are (1) infiltrative between 
benign glands; (2) more variably sized; or (3) smaller. 

In radical prostatectomy specimens, the infiltrative nature of Gleason pattern 
3 cancer is typically readily appreciated (Figures 2.18 and 2.19). In some needle biopsy 
specimens, individual neoplastic glands are also seen in between benign glands result- 
ing in an infiltrative appearance, typical of Gleason score 3 + 3 = 6 (Frcures 2.20- 
2.26). In some Gleason score 3 + 3 = 6 adenocarcinomas on needle biopsy, one can 
appreciate that there is an admixture of small and large glands (Figures 2.27-2.30). 
Although the larger glands in some Gleason score 3 + 3 = 6 cancer are the same size as 
seen in Gleason score 2—4 adenocarcinoma, there are admixed smaller glands in Gleason 
score 3 + 3 = 6 that would not be seen in Gleason scores 2—4. However, in the major- 
ity of Gleason score 3 + 3 = 6 adenocarcinomas on needle biopsy, neither the infiltra- 
tive appearance or variability of gland size can be appreciated. Rather, the presence of 
smaller glands than those seen with Gleason pattern 1 or 2 is sufficient for the diagnosis 
of Gleason score 3 + 3 = 6 adenocarcinoma (Ficures 2.31—2.36). Even when there is a 
pure population of cancer on biopsy with intermingled benign glands and the glands are 
larger, the assigned grade should be Gleason score 3 + 3 = 6 (Figures 2.37-2.42). In the 
past, these cases were often diagnosed as Gleason scores 2—4. However, as noted above, 
the corresponding radical prostatectomy invariably shows Gleason score 3 + 3 = 6 or 
higher. On needle biopsy even though the glands may appear relatively uniform and 
large resembling Gleason score 2-4, one cannot appreciate whether the lesion is infiltra- 
tive or circumscribed and the lack of smaller glands could represent a sampling issue. 

Some pathologists may not feel comfortable assigning both a primary and sec- 
ondary pattern 3 to very small foci of carcinoma on biopsy. However, it has been 
shown that small foci of Gleason score 3 + 3 = 6 cancer on biopsy is more often asso- 
ciated with Gleason score 3 + 3 = 6 at radical prostatectomy compared to cases with 
more extensive Gleason score 3 + 3 = 6 on biopsy (Ficures 2.43—2.49).° The reason 
is that greater amounts of cancer on needle biopsy correlate with larger tumors that 
are more likely to have areas of pattern 4 at radical prostatectomy (see Chapter 5). 

A major point of divergence from the original Gleason system is with 
assignment of grade to cribriform glands. Within Gleason’s original illustrations 
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Figure 2.18. Gleason pattern 3 glands infiltrat- 


ing between benign glands in a radical prosta- Figure 2.19. Gleason score 3 + 3 = 6 with can- 
tectomy specimen. cer glands infiltrating between benign glands in 


a radical prostatectomy specimen. 


Figure 2.20. Needle biopsy specimen with Figure 2.21. Gleason score 3 + 3 = 6 with can- 
Gleason score 3 + 3 = 6. Malignant glands are cer glands infiltrating between benign glands 
seen infiltrating between benign glands. (arrows) in a needle biopsy specimen. 
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Figure 2.22. Gleason score 3 + 3 = 6 with Figure 2.23. Needle biopsy specimen with 
cancer glands infiltrating between benign glands Gleason score 3 + 3 = 6. Neoplastic glands infil- 
(arrows) in a needle biopsy specimen. trate between benign glands (arrows). 


Figure 2.24. A row of Gleason score3 + 3=6is Figure 2.25. Small glands of Gleason score 
seen between benign glands. 3 + 3 = 6 infiltrating between benign glands. 
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Figure 2.26. Low magnification showing the Figure 2.27. Mixture of variably sized cancer 
infiltrative pattern of Gleason pattern 3 carci- glands in Gleason pattern 3. 


noma on needle biopsy. 


Figure 2.28. Gleason score 3 + 3 = 6 with both Figure 2.29. Heterogeneous population of small 
large and small glands. and large glands in Gleason score 3 + 3 = 6. 
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Figure 2.30. Gleason pattern 3 cancer with vari- Figure 2.31. Pure population of small glands of 
ably sized glands as opposed to Gleason pat- Gleason pattern 3. 
terns 1-2. 


Figure 2.32. Gleason pattern 3 where some Figure 2.33. Gleason score 3 + 3 = 6 with well- 
of the glands are smaller than would be seen formed discrete smaller neoplastic glands. 

in Gleason patterns 1-2. An infiltrative pattern 

between benign glands cannot be appreciated. 
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Figure 2.34. Limited focus of Gleason score Figure 2.35. Gleason score 3 + 3 = 6 with small 
3 + 3 = 6 with small neoplastic glands without cancer glands. 
evidence of infiltration between benign glands. 


Figure 2.37. Gleason score 3 + 3 = 6 with larger 
glands that in the past might have been graded 
as Gleason scores 2-4. 


Figure 2.36. Pure population of Gleason pattern 3 
cancer on needle biopsy without an apparent 
infiltrative pattern. 
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Figure 2.38. Crowded pale staining larger Figure 2.39. Higher magnification of FIGURE 2.38 
glands that mimic Gleason scores 2-4. On with back-to-back glands with abundant pale 
needle biopsy, this focus should be graded as cytoplasm. 


Gleason score 3 +3 = 6. 


Figure 2.40. Gleason score 3 + 3 = 6 with larger Figure 2.41. Gleason pattern 3 on needle 
glands reminiscent of Gleason scores 2—4 can- biopsy with relatively uniform larger glands 
cer, yet note infiltration between benign glands that in the past might have been diagnosed as 
(arrows). Gleason pattern 1 or 2. 
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Figure 2.42. Gleason score 3 + 3 = 6 with Figure 2.43. Small focus of Gleason score 
crowded relatively uniform glands. 3 + 3 = 6 on needle biopsy. 


Figure 2.44. Limited focus of Gleason score Figure 2.45. Minute focus of Gleason score 

3 + 3 = 6 on needle biopsy. 3 + 3 = 6 on needle biopsy. Despite the limited 
extent of cancer, a Gleason score should be 
assigned. 
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Figure 2.46. Small focus of Gleason score Figure 2.47. Small focus of Gleason score 
3 + 3 = 6 on needle biopsy. 3 + 3 = 60n needle biopsy. 


of his cribriform pattern 3, he depicts large, cribriform glands." At the time of the 
2005 ISUP grading consensus meeting, expert uropathologists uniformly had been 
diagnosing these lesions as cribriform pattern 4 (Figure 3D in Ref. [18]). The consen- 
sus conference proposed extremely stringent criteria for cribriform Gleason pattern 
3 (TaBe 2.1).' However, when various images were shown to the participants of the 
consensus meeting, almost none of them met the criteria for cribriform pattern 3 
based on subtle features, such as slight irregularities of the outer border of the cribri- 
form glands. A minority of the consensus panel used additional criteria to diagnose 
Gleason cribriform pattern 3, such as the requirement of evenly spaced lumina or 
that the bridges within the cribriform glands had to be of uniform thickness and 
no thicker than the width of the luminal spaces. It was the consensus that the vast 


Figure 2.48. Small focus of Gleason score Figure 2.49. Small focus of Gleason score 
3 + 3 = 6 on needle biopsy, where the 3 + 3 = 6 on needle biopsy. 

infiltrative nature of the cancer glands between 

benign glands can still be appreciated. 
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2005 Proposed Differences between Cribriform Patterns 3 and 4 


Pattern 3 Pattern 4 

Small glands Large glands 

Regular contour Irregular contour/jagged edges 
Regular distribution of lumens Irregular distribution of lumens 
Uniform round lumens Variable slit-like lumens 


majority of cribriform patterns be diagnosed as Gleason pattern 4 with only rare 
cribriform lesions satisfying diagnostic criteria for cribriform pattern 3. Subsequent 
to the 2005 meeting, a study reviewed 3,590 consecutive prostate cancers where 30 
needle biopsy cases were selected that possibly represented cribriform Gleason pattern 
3 cancer.'' Thirty-six digital images were taken and sent to ten experts in prostate 
pathology with a consensus defined when at least seven out of ten experts agreed on 
the grade. Even in a highly selected set of images thought to be the best candi- 
dates for cribriform pattern 3, most experts interpreted the cribriform patterns 
as pattern 4. There was only one consensus pattern 3 case. Furthermore, most of 
the cribriform foci investigated (73%) were associated with more definitive pat- 
tern 4 elsewhere on the needle biopsy specimen. There was poor reproducibility 
amongst experts as to cribriform pattern 3 versus pattern 4 due to (1) disagree- 
ment as to what were the key diagnostic features in a given case (i.e., irregular 
distribution of lumina and variable slit-like lumina, favor pattern 4 versus small 
glands and regular contour, favor pattern 3) and (2) disagreement as to assess- 
ment of given criteria: regular versus irregular distribution of lumina and regu- 
lar versus irregular contour. In a subsequent study specifically addressing the 
prognosis of cribriform prostate cancer glands, both small and large cribriform 
glands were equally linked to progression after radical prostatectomy.’? These 
findings fit conceptually, as one would expect the change in grade from pattern 3 to 
pattern 4 to be reflected in a distinct architectural paradigm shift where cribriform as 
opposed to individual glands are formed, rather than merely a subjective continuum 
of differences in size, shape, and contour of cribriform glands. 

The only reason why cribriform pattern 3 even exists is because of the origi- 
nal Gleason schematic diagram. Gleason never specifically published the prognostic 
difference between what he called cribriform Gleason pattern 3 compared to Gleason 
pattern 4. Many of Gleason’s cribriform Gleason pattern 3 cancers may not even have 
been infiltrating carcinomas due to the lack of availability of immunohistochemis- 
try for basal cell markers. Today we might have diagnosed them either as cribriform 
high-grade prostatic intraepithelial neoplasia (PIN) or intraductal carcinoma of the 
prostate (concepts not present in Gleason’s era).'*'* Based on all the above data, all 
cribriform cancers should be interpreted as Gleason pattern 4 and not pattern 3. 

There are certain situations that lead to overgrading of Gleason pattern 3 as 
pattern 4 (TaBLeE 2.2). The images that have been selected represent cases that were 
overgraded as Gleason pattern 4 (i.e., Gleason score 3 + 4 = 7) sent in for consultation 
at the request of the patient or urologist. These cases best illustrate the various pitfalls 
with grading. Crowded glands at low magnification can have the appearance of 
fused glands, mimicking Gleason pattern 4 cancer (FIGURES 2.50-2.59). Small 
glands are acceptable for Gleason pattern 3 as long as they are well formed and 
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Be 


Causes of Overgrading of Pattern 3 as Pattern 4 


Crowded glands 

Small glands 

Tangentially sectioned glands 

Branching glands 

Telescoping glands 

Glands with crush or poor sectioning artifact 

Glands with perineural invasion 

Glands with mucinous fibroplasia (collagenous micronodules) 


not fused with other glands (Ficures 2.60-2.74). Probably the most common 
scenario where Gleason pattern 3 is overgraded as Gleason pattern 4 is when a 
few tangentially sectioned small glands of pattern 3 are present at higher mag- 
nification. Given the presence of small glands in Gleason pattern 3, a few glands 
will invariably be tangentially sectioned resulting in a gland that appears not well 
formed (Figures 2.75—2.98). Consequently, only when there is a cluster of poorly 
formed glands seen at 10x where it is unlikely that they all represent tangentially 
sectioned glands should Gleason pattern 4 be diagnosed. Occasionally, a tangentially 
sectioned gland can mimic cribriform Gleason pattern 4 (Figures 2.99 and 2.100). 
Branching glands appear more complex than simple round glands, yet as long as 
they are not fused or cribriform, branching glands are still consistent with Gleason 
pattern 3 (Ficures 2.101—2.104). Occasionally, one can see intraglandular telescop- 
ing that mimic cribriform Gleason pattern 4 (Figures 2.105 and 2.106). Glands 
that artifactually appear poorly formed as a result of crush artifact must be distin- 
guished from Gleason pattern 4 (FicurE 2.107). Thick poorly sectioned tissue can 
result in multilayering and the appearance of poorly formed glands or solid nests of 


Figure 2.50. Crowded glands of Gleason Figure 2.51. Higher magnification of Figure 2.50 
pattern 3. showing that the crowded glands are still 
discrete and not fused. 
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Figure 2.52. Gleason score 3 + 3 = 6 with Figure 2.53. Back-to-back separate glands of 
crowded but individual glands. Gleason pattern 3, which should not be con- 
fused with fused glands of Gleason pattern 4. 


Figure 2.54. Crowded glands of Gleason Figure 2.55. Crowded small glands of Gleason 
pattern 3. score 3 + 3 = ó. 
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Figure 2.56. Small focus of Gleason score 3 + 3 Figure 2.57. Gleason score 3 + 3 = 6 with very 
= 6 with back-to-back but still separate glands. crowded but discrete glands. 


Figure 2.58. Gleason score 3 + 3 = 6 with Figure 2.59. Higher magnification of Figure 2.58 
crowded glands that are poorly sectioned showing that the glands are discrete as opposed 
further mimicking Gleason pattern 4. to the fused glands seen in Gleason pattern 4. 
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Figure 2.60. Gleason score 3+ 3 = 6 with some Figure 2.61. Gleason score 3 + 3 = 6 with small 

very small glands that are still well formed and glands where an occasional tangential section 

should not be graded as Gleason pattern 4. mimics a poorly formed gland of Gleason 
pattern 4 (arrow). 


Figure 2.62. Gleason score 3 + 3 = 6 with Figure 2.63. Small glands of Gleason pattern 3. 
adjacent high-grade PIN. A few small glands 

of Gleason pattern 3 are tangentially sectioned 

mimicking Gleason pattern 4 (arrow). 
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Figure 2.64. Gleason score 3 + 3 = 6 with small Figure 2.65. Small glands of Gleason score 3 + 
glands. 3 = 6 where tangential sectioning mimics poorly 
formed glands of Gleason pattern 4 (arrows). 


Figure 2.66. Gleason score 3 + 3 = 6 with small Figure 2.67. Gleason score 3 + 3 = 6 where a 

glands. few small glands of Gleason pattern 3 are tan- 
gentially sectioned mimicking Gleason pattern 4 
(arrows). 
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Figure 2.68. Mixture of larger (top) and small Figure 2.69. Gleason score 3 + 3 = 6 with a few 
(bottom) glands of Gleason pattern 3. glands (center) that are tangentially sectioned 
and should not be graded as Gleason pattern 4. 


Figure 2.70. Gleason pattern 3 with many small Figure 2.71. Higher magnification of Figure 2.70 
glands. with occasional tangentially sectioned glands 
that mimic Gleason pattern 4. 
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Figure 2.72. Small glands of Gleason score 

3 + 3 = 6 where tangential sectioning mimics glands. 
poorly formed glands of Gleason pattern 4 

(arrows). 


Figure 2.74. Higher magnification of Figure 2.73. Figure 2.75. Gleason score 3 + 3 = 6 with 

with occasional tangentially sectioned glands tangentially sectioned glands with the appear- 

that mimic Gleason pattern 4. ance of a poorly formed gland (arrow) and a 
solid cord of cells (arrowhead). 
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Figure 2.76. Gleason score 3 + 3 = 6 with rare Figure 2.77. Well-formed glands of Gleason 

tangentially sectioned glands with the appear- pattern 3 (left) with a few smaller glands that are 

ance of poorly formed glands (arrows). tangentially sectioned mimicking Gleason pat- 
tern 4 (center). 


Figure 2.78. Small focus of Gleason score 3 + 3 Figure 2.79. Gleason score 3 + 3 = 6 with small 
= 6 with a few tangentially sectioned glands. glands. 
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Figure 2.80. Higher magnification of Figure 2.79 Figure 2.81. Gleason score 3 + 3 = 6 with tan- 
with a few smaller glands that are tangentially gentially sectioned glands with the appearance 
sectioned mimicking Gleason pattern 4 (arrows). of poorly formed glands (arrows). 


Figure 2.82. On the edge of the core, tangen- Figure 2.83. Gleason score 3 + 3 = 6 with elon- 
tially sectioned glands mimic Gleason pattern 4 gated tangentially sectioned gland (arrows). 

in an otherwise typical Gleason score 3 + 3 = 6 

cancer (arrow). 
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Figure 2.84. Well-formed glands of Gleason Figure 2.85. Gleason score 3 + 3 = 6 with an 
pattern 3 (right) with a few smaller glands that elongated tangentially sectioned gland mimick- 
are tangentially sectioned mimicking Gleason ing Gleason pattern 4 (arrow). 


pattern 4 (upper left). 


Figure 2.86. Gleason score 3 + 3 = 6 with tan- Figure 2.87. Well-formed glands of Gleason 
gentially sectioned glands with the appearance pattern 3 with a few smaller glands that are tan- 
of poorly formed glands (arrows). gentially sectioned mimicking Gleason pattern 4 


(arrows). 
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Figure 2.88. Gleason score 3 + 3 = 6 with tan- 
gentially sectioned glands with the appearance 
of poorly formed glands (left). 


Figure 2.90. Higher magnification of FiGure 2.89 
showing elongated solid cords of cells. As they 
are only focally present, they could represent 
tangentially sectioned small glands of Gleason 
pattern 3 and a grade of Gleason pattern 4 or 5 
should not be assigned (arrow). 
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Figure 2.89. On the edge of the core, tangen- 
tially sectioned glands mimic Gleason pattern 4 
in a Gleason score 3 + 3 = 6 cancer (arrow). 


Figure 2.91. Gleason score 3 + 3 = 6 with tan- 
gentially sectioned glands with the appearance 
of poorly formed glands (arrow). The presence 
of a rare rounded solid nest of cells in a focus of 
otherwise Gleason score 3 + 3 = 6 should not 
be interpreted as Gleason pattern 5. 
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Figure 2.92. Gleason score 3 + 3 = 6 with tan- Figure 2.93. Gleason score 3 + 3 = 6 with a rare 
gentially sectioned glands with the appearance tangentially sectioned gland with the appear- 
of poorly formed glands (arrows). The glands ance of poorly formed glands (arrow). 
have the appearance of shearing the top of a 
gland. 


Figure 2.94. Gleason score 3 + 3 = 6 with Figure 2.95. Gleason score 3 + 3 = 6 with 
small glands, some of which are tangentially small glands, some of which are tangentially 
sectioned. sectioned (center). 
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Figure 2.96. Gleason score 3 + 3 = 6 with small Figure 2.97. On the edge of the core, tangen- 
glands, some of which are tangentially tially sectioned glands mimic Gleason pattern 
sectioned (center). 4 in a Gleason score 3 + 3 = 6 cancer. 
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Figure 2.98. Gleason score 3 + 3 = 6 with an Figure 2.99. Gleason score 3 + 3 = 6 with tan- 
elongated tangentially sectioned gland (center). — gentially sectioned glands mimicking a cribri- 
form gland. 


38 THE GLEASON GRADING SYSTEM 


Figure 2.100. Higher magnification of FIGURE Figure 2.101. Branching gland of Gleason 
2.99 showing Gleason pattern 3 with thin pattern 3 (arrow). 

cytoplasmic bridges as a result of tangential 

sectioning. 


Figure 2.102. Gleason score 3 + 3 = 6 with Figure 2.103. Branching gland of Gleason pat- 
branching glands. tern 3 (arrow). 
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Figure 2.104. Complex branching gland of Figure 2.105. Gleason pattern 3 with telescop- 

Gleason pattern 3. ing of glands within glands. In contrast to glo- 
meruloid glands, there is a lack of cribriform 
glandular architecture. 


AA 


Figure 2.106. Gleason score 3 + 3 = 6 with a Figure 2.107. Gleason score 3 + 3 = 6 with a 
few glands showing telescoping of glands within few glands showing crush artifact mimicking 
glands. Gleason pattern 4 (arrow). 
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Figure 2.108. Thick poorly sectioned glands of Figure 2.109. Gleason score 3 + 3 = 6 with thick 
Gleason pattern 3. section mimicking Gleason pattern 4. 


cells mimicking higher grade carcinoma (Figures 2.108 and 2.109). When glands 
surround a nerve (perineural invasion), the glands often develop a more complex 
papillary, crowded appearance (Ficures 2.110—2.118). Consequently, one should 
be cautious in diagnosing Gleason pattern 4 based on glands within perineural 
invasion in the absence of Gleason pattern 4 elsewhere. 

The delicate ingrowth of fibrous tissue seen with mucinous fibroplasia (col- 
lagenous micronodules) can result in glands appearing to be fused resembling 
cribriform structures although the underlying architecture is really that of indi- 
vidual discrete rounded glands invested by loose collagen. The tumor should be 
graded on the underlying glandular architecture, whereby the majority are graded as 
Gleason score 3 + 3 = 6 (Ficures 2.119-2.128).'° Only when there are distinct cribri- 
form glands in areas of mucinous fibroplasias should Gleason pattern 4 be diagnosed 
(Figures 2.129 and 2.130). 


Gleason Pattern 4 


The 2005 ISUP consensus conference agreed with the original Gleason system 
that fused glands, irregular cribriform glands, and the hypernephroma pattern 
were designated as Gleason pattern 4.' As described above, subsequent studies 
support the inclusion of any cribriform glands as pattern 4. In addition, the con- 
sensus conference reported that ill-defined glands with poorly formed glandular 
lumina also warrant the diagnosis of Gleason pattern 4. This definition differs 
from Gleason’s original description of pattern 4, which only included the hyperne- 
phromatoid pattern.’ Only in subsequent years were fused glandular masses added to 
the definition.'”? The schematic diagram of Gleason pattern 4 consists almost entirely 
of cribriform patterns with a minor component of fused glands. IIl-defined glands 
with poorly formed glandular lumina were not discussed or depicted by Gleason in 
either Gleason pattern 3 or 4. Gleason pattern 4 closely resembling renal cell carci- 
noma (hypernephromatoid pattern) is relatively rare, despite occupying a promi- 
nent role in the original Gleason grading system. Cribriform glands in one study 
were associated with a higher risk of post—radical prostatectomy failure as compared to 
fused glands.'* The current spectrum of morphology in Gleason pattern 4 is depicted 
schematically in Figure 2.131 (Summarized in TABLE 2.3 at end of chapter). 
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Figure 2.110. Perineural invasion (arrow) with Figure 2.111. Gleason score 3 + 3 = 6 with peri- 
complex growth mimicking Gleason pattern 4. neural invasion. 


Figure 2.112. Higher magnification of FIGURE Figure 2.113. Perineural invasion mimicking 
2.111 showing individual discrete glands consis- Gleason pattern 4. 
tent with Gleason pattern 3 around a nerve. 
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Figure 2.114. A stain for AMACR (same case as Figure 2.115. Small focus of perineural invasion 
in Figure 2.113) highlights that most of the glands (arrow) mimicking Gleason pattern 4. 

around the nerve are discrete. In a case that is 

otherwise Gleason pattern 3, this appearance 

should not result in grading Gleason pattern 4. 
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Figure 2.116. Perineural invasion mimicking Figure 2.117. Small focus of perineural invasion 
Gleason pattern 4. (arrow) mimicking Gleason pattern 4. 
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Figure 2.118. Partially crushed glands of Figure 2.119. Individual glands of Gleason 
Gleason pattern 3 around nerves resembling score 3 + 3 = 6 with distortion by mucinous 
Gleason pattern 4. fibroplasia. 


Figure 2.120. Gleason score 3 + 3 = 6 with Figure 2.121. Although there is a suggestion 

focal mucinous fibroplasia (arrow). of cribriform gland formation, in the setting of 
mucinous fibroplasia where it is common to 
have glandular distortion, it is better to assign 
a Gleason score 3 + 3 = 6 unless the cribriform 
gland architecture is overt. 


44 THE GLEASON GRADING SYSTEM 


Figure 2.122. Small glands of Gleason score Figure 2.123. Gleason score 3 + 3 = 6 with 
3 + 3 = 6 with an adjacent single more complex focal mucinous fibroplasia. 

gland with mucinous fibroplasia (arrow), best 

also considered Gleason pattern 3. 


Figure 2.124. Individual glands of Gleason score 

3 + 3 = 6 (arrows) with extensive mucinous fibro- Figure 2.1 25. Gleason res oo = 6 with 

plasia mimicking cribriform Gleason pattern 4. focal mucinous fibroplasia (arrow). The individual 
glands encircle the early collagen mimicking 
cribriform Gleason pattern 4. 


CHAPTER2 THE CURRENT MODIFIED GLEASON GRADING SYSTEM 45 


Figure 2.126. Adenocarcinoma with extensive Figure 2.127. Higher magnification of FIGURE 

mucinous fibroplasia. 2.126 showing individual glands (arrows) with 
extensive mucinous fibroplasia distorting the 
underlying glandular architecture. 


Figure 2.128. Gleason score 3 + 3 = 6 with Figure 2.129. Gleason pattern 4 cribriform 
early mucinous fibroplasia. glands without (left) and with mucinous 
fibroplasia. 
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Figure 2.131. Schematic diagram of Gleason 
pattern 4. 


Figure 2.130. Cribriform glands of Gleason pat- 
tern 4 (center) with mucinous fibroplasia. 


The easiest morphology of Gleason pattern 4 to recognize is cribriform glands as 
they are so distinctive from the individual glands of Gleason pattern 3 (FicuRE 2.132). 
There are, however, some difficulties in distinguishing the better developed cribri- 
form glands of pattern 4 from the poorly formed cribriform glands with barely iden- 
tifiable acini that are best characterized as pattern 5 (see Gleason pattern 5 below). 
Prior to the current recommendation that all well-developed cribriform glands, except 
those with necrosis, should be considered Gleason pattern 4, it used to be difficult 
differentiating cribriform Gleason pattern 3 or pattern 4. Cribriform large glands of 
Gleason pattern 4 consist of large sheets of cells with punched out round lumina. In 
radical prostatectomy specimens, the edges of the cribriform glands in some cases 
appear rounded. Despite the rounded border, the glands are much larger compared 


Figure 2.132. Cribriform glands (lower right) 
of Gleason pattern 4 compared to well-formed 
individual glands of Gleason pattern 3 (upper 
left). 
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to high-grade PIN (Ficures 2.133—2.136). Occasionally, one can still appreciate the 
rounded edges of large cribriform glands on needle biopsy (FicurEs 2.137—2.139). 
Despite being high grade based on the architectural pattern, the cytology within some 
of the cribriform glands may appear relatively bland (Figure 2.139). Gleason crib- 
riform glands may also consist of large sheets of cells where the borders are not as 
clearly defined (Ficures 2.140 and 2.141). More commonly, the cribriform glands 
of Gleason pattern 4 are irregularly shaped, often with ragged borders, as can be 
more readily appreciated at radical prostatectomy (FIGURES 2.142—2.144). Irregular 
larger cribriform glands of Gleason pattern 4 can also be identified on needle biopsy 
(Figures 2.145—2.158). On needle biopsy, cribriform Gleason pattern 4 tumor 
often manifests as fragments of cribriform tumor as there is little supporting 
stroma in larger cribriform glands (Ficures 2.159-2.163). 

Cribriform prostate cancer glands span a broad spectrum in terms of their dif- 
ferentiation. At one end, there are well-developed cribriform glands with well-formed 
lumina (Figures 2.132—2.164). In some less differentiated examples, cribriform 
glands have lumina that are not as open, yet they are still readily recognizable as crib- 
riform structures and hence are still considered Gleason pattern 4 (Figures 2.165- 
2.168). These cases are better differentiated than some cases of Gleason pattern 5 
where the cribriform structures are so poorly developed that they are barely recogniz- 
able (see Gleason pattern 5 below). 

As noted above, even small rounded cribriform glands are considered Gleason 
pattern 4, regardless of how round the gland is, how evenly the lumina are distributed 
in the glands, or how uniform in size and shape the lumina are. In some cases, there 
are isolated individual small cribriform glands that are consistent with Gleason pat- 
tern 4 as long as immunohistochemistry showing an absent basal cell layer rules out 
high-grade PIN or intraductal carcinoma (Figures 2.169-2.201). 

A variant morphology of cribriform prostatic adenocarcinoma glands are glomeru- 
loid glands (Figures 2.202—2.211). They are characterized by dilated glands contain- 
ing intraluminal cribriform structures with a single point of attachment, resembling a 
renal glomerulus.'* On prostate biopsy, glomeruloid glands are exclusively associated 


Figure 2.134. Multiple large nests of cribriform 


Figure 2.133. Large cribriform mass with Gleason pattern 4 at radical prostatectomy. 


rounded edge of Gleason pattern 4 at radical 
prostatectomy. 


48 THE GLEASON GRADING SYSTEM 


Figure 2.135. Multiple large nests of cribriform Figure 2.136. Higher magnification of FIGURE 
Gleason pattern 4 at radical prostatectomy. 2.135 showing relatively bland cells surrounding 
punched out round lumina. 


Fi 2:137-R | ibrif | 
ica 4 “4 cone ciloluiois ledenn Figure 2.138. Rounded large cribriform Gleason 
pattern 4 on needle biopsy. 
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Figure 2.139. Higher magnification of FIGURE Figure 2.140. Large sheets of cribriform 
2.138 showing relatively bland cells surrounding Gleason pattern 4. 


punched out round lumina. 


Figure 2.141. Higher magnification of Figure 2.140 Figure 2.142. Irregularly shaped cribriform 
with relatively bland cytology. glands of Gleason pattern 4 at radical 
prostatectomy. 
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Figure 2.144. Irregularly shaped cribriform 
glands of Gleason pattern 4 at radical 
prostatectomy. 


Figure 2.143. Radical prostatectomy with 
irregularly shaped cribriform glands of Gleason 
pattern 4 with adjacent well-formed individual 
glands of Gleason pattern 3 (upper right). 
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Figure 2.145. Irregularly shaped cribriform Figure 2.146. Irregularly shaped cribriform 
glands of Gleason pattern 4 on needle biopsy glands of Gleason pattern 4 on needle biopsy 
(top). Also note fused smaller Gleason pattern 4 (right center). Also note fused poorly formed 
glands (bottom). Gleason pattern 4 glands (left center). 
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Figure 2.147. Irregularly shaped cribriform Figure 2.148. Irregularly shaped cribriform 
glands of Gleason pattern 4 on needle biopsy, glands of Gleason pattern 4 at the edge of 
some with intraglandular and extracellular needle biopsy core. 

mucin. 


Figure 2.149. Irregular cribriform glands of 
Gleason pattern 4 on needle biopsy. 


Figure 2.150. Higher magnification of FIGURE 
2.149 with thin vascularized stroma separating 
cribriform glands. 
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Figure 2.151. Irregular cribriform glands of Figure 2.152. Irregular cribriform glands of 
Gleason pattern 4 on needle biopsy. Gleason pattern 4 on needle biopsy. 
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Figure 2.154. Irregular cribriform glands of 
Gleason pattern 4 on needle biopsy. 


Figure 2.153. Higher magnification of FIGURE 
2.152 showing well-developed punched holes in 
cribriform glands. 
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Figure 2.155. Irregular cribriform glands of Figure 2.156. Irregular cribriform glands of 
Gleason pattern 4 on needle biopsy. Gleason pattern 4 on needle biopsy. Note infil- 


trative pattern between benign prostate glands. 
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Figure 2.157. Higher magnification of FIGURE Figure 2.158. Irregular cribriform glands of 
2.156 showing cribriform gland separated by Gleason pattern 4 on needle biopsy. 

thin vascularized stroma indicative of irregular 

infiltrative borders. 
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Figure 2.159. Irregular cribriform glands of Figure 2.160. Irregular cribriform glands of 
Gleason pattern 4 on needle biopsy starting to Gleason pattern 4 on needle biopsy starting to 
fall apart. fall apart. 


Figure 2.161. Detached cribriform glands of Figure 2.162. Detached cribriform glands of 
Gleason pattern 4 on needle biopsy. Gleason pattern 4 on needle biopsy. 
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Figure 2.163. Detached cribriform glands of 


Gleason pattern 4 on needle biopsy. Figure 2.164. Cribriform glands of Gleason 


pattern 4 with well-formed lumina. 


Figure 2.166. Cribriform Gleason pattern 4 with 
Figure 2.165. Cribriform Gleason pattern 4 with more ill-defined lumina. 


more ill-defined lumina. 
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Figure 2.167. Cribriform Gleason pattern 4 with Figure 2.168. Cribriform Gleason pattern 4 with 
more ill-defined lumina. more ill-defined lumina. 


Figure 2.170. Scattered small cribriform glands 
Figure 2.169. Single small cribriform gland of of Gleason pattern 4 admixed with single well- 
Gleason pattern 4. developed glands of Gleason pattern 3 and 
fused poorly formed glands of Gleason pattern 
4 (upper right). 
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Figure 2.171. Single round small cribriform Figure 2.172. Single small cribriform gland of 
gland of Gleason pattern 4 with adjacent glands Gleason pattern 4. 
of Gleason pattern 3. 


Figure 2.173. Single small cribriform gland of Figure 2.174. Two small cribriform glands of 
Gleason pattern 4. Gleason pattern 4. 
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Figure 2.176. Several small cribriform glands 
of Gleason pattern 4 with adjacent glands of 


Figure 2.175. Several small cribriform glands of Gleason pattern 3. 


Gleason pattern 4. 


Figure 2.177. Predominantly Gleason pattern Figure 2.178. Predominantly Gleason pattern 
3 with several small cribriform glands of Gleason 3 with several small cribriform glands of Gleason 
pattern 4 (upper right and lower left). pattern 4. 
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Figure 2.179. Higher magnification of Figure 2.180. Predominantly Gleason pattern 
Figure 2.178 shows small cribriform gland. 3 with several small cribriform glands of Gleason 
pattern 4. 


Figure 2.181. Higher magnification of Figure 2.180 Figure 2.182. Several small cribriform glands 
shows small cribriform glands. of Gleason pattern 4 with adjacent glands of 
Gleason pattern 3. 
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. oe Figure 2.184. Mixture of individual glands of 
Figure 2.183. Several small cribriform glands Gleason pattern 3, poorly formed fused glands, 


of Gleason pattern 4 with adjacent glands of and a single cribriform gland of Gleason pattern 
Gleason pattern 3. 4 (top). 


Figure 2.185. Single small cribriform gland of Figure 2.186. Mostly mixture of well-formed 
Gleason pattern 4 with intraluminal mucin and small glands of Gleason pattern 3 and poorly 
adjacent glands of Gleason pattern 3. formed small glands of Gleason pattern 4 with 


single Gleason pattern 4 small cribriform gland 
(arrow). 
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Figure 2.187. Several small cribriform glands Figure 2.188. Several small cribriform glands 
of Gleason pattern 4 with adjacent glands of of Gleason pattern 4 with adjacent glands of 
Gleason pattern 3. Gleason pattern 3. 


Figure 2.189. Small cribriform glands of Figure 2.190. Small cribriform glands of 
Gleason pattern 4 (arrow) with adjacent glands Gleason pattern 4 with adjacent glands of 
of Gleason pattern 3. Gleason pattern 3. 
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Figure 2.191. Mixture of well-formed small Figure 2.192. Several small cribriform glands 
glands of Gleason pattern 3 and poorly formed of Gleason pattern 4 with adjacent glands of 
fused small glands of Gleason pattern 4 with Gleason pattern 3. 


Gleason pattern 4 small cribriform glands. 


Figure 2.193. Mixture of well-formed small Figure 2.194. Several small cribriform glands 
glands of Gleason pattern 3 and poorly formed of Gleason pattern 4 with adjacent glands of 
small glands of Gleason pattern 4 with Gleason Gleason pattern 3. 


pattern 4 small cribriform glands. 
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Figure 2.195. Several small cribriform glands Figure 2.196. Several small cribriform glands of 
of Gleason pattern 4 with adjacent glands of Gleason pattern 4. 
Gleason pattern 3. 
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Figure 2.197. Several small cribriform glands of 

Gleason pattern 4 with rare adjacent glands of Figure 2.198. Several small cribriform glands 

Gleason pattern 3. of Gleason pattern 4 with adjacent glands of 
Gleason pattern 3. 
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Figure 2.199. Small cribriform glands of Figure 2.200. Several small cribriform glands 
Gleason pattern 4. of Gleason pattern 4 with adjacent glands of 
Gleason pattern 3. 


Figure 2.202. Gleason pattern 4 with glomeru- 
loid glands ranging in size from small to quite 


Figure 2.201. Several small cribriform glands large. 


of Gleason pattern 4 with adjacent glands of 
Gleason pattern 3. 
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Figure 2.203. Small and larger glomeruloid Figure 2.204. Gleason pattern 4 small glomeru- 
glands merging together adjacent to sheets of loid glands. 
cribriform glands (left). 


Figure 2.205. Gleason pattern 4 small glomeru- Figure 2.206. Gleason pattern 4 small 
loid glands. glomeruloid glands with small individual glands 
of Gleason pattern 3 (left). 
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Figure 2.207. Gleason pattern 4 small glomeru- Figure 2.208. Gleason pattern 4 small glomeru- 
loid glands (arrows) with small individual glands loid glands merging in with irregular cribriform 
of Gleason pattern 3 (left). glands. 


Figure 2.209. Gleason pattern 4 small glomeru- Figure 2.210. Gleason pattern 4 small glo- 

loid gland (top). meruloid glands (arrows) with admixed irregular 
cribriform glands and small individual glands of 
Gleason pattern 3. 
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Figure 2.211. Gleason pattern 4 small glomeru- 
loid gland (center) with adjacent irregular cribri- 
form glands. 


with carcinoma and not associated with benign mimickers. The grading of such glo- 
meruloid structures is controversial. Some urologic pathologists do not assign a grade 
to glomeruloid patterns and rather just grade the surrounding tumor. According to 
some experts, for the rare case where the entire tumor is composed of glomeruloid 
glands, a grade of 3 + 3 = 6 is assigned as long as the glomeruloid structures are 
small. Larger glomeruloid structures are uniformly accepted by urologic pathologists 
as Gleason pattern 4. Other experts in the field feel that all glomeruloid structures 
should be assigned a Gleason pattern 4. A study from Hopkins subsequent to the 
consensus conference indicated that glomerulations were overwhelmingly associated 
with concurrent Gleason pattern 4 or higher grade carcinoma.’* In several cases, tran- 
sition could be seen between small glomerulations, large glomeruloid structures, and 
cribriform pattern 4 cancer (Figures 2.202, 2.203, 2.206-2.208 and 2.210). These 
data suggest that glomerulations represent an early stage of cribriform pattern 
4 cancer and are best graded as Gleason pattern 4. In some cases, the glands have 
a pattern between a cribriform gland and a glomeruloid gland, in that the cribriform 
process is not transluminal as is seen in glomeruloid glands but lacks the rounded 
morphology of a glomerulus (Figures 2.212 and 2.213). A mimicker of glomeruloid 
glands is telescoping of neoplastic glands within glands (Figures 2.214—2.216). With 
telescoping glands, the intraluminal structure consists of a well-formed gland rather 
than a cribriform gland. 

Intraductal carcinoma of the prostate that typically mimics cribriform Gleason 
pattern 4 is another difficult area in Gleason grading.'*'” One of the most common 
patterns of intraductal carcinoma is with dense cribriform glands, where the ratio of 
epithelium to lumina is much greater than seen with cribriform high-grade PIN. If 
stains for basal cell markers are not performed, most cases of intraductal carcinoma 
would be considered Gleason pattern 4 adenocarcinoma (Ficures 2.217—2.232). 
However, the demonstration of an intact basal cell layer and hence the absence of 
invasive cancer preclude the assignment of a Gleason score. If only intraductal car- 
cinoma is present, then a grade is not assigned. Rather the following is added as 
a note: 
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Figure 2.212. Glomeruloid pattern 4 glands Figure 2.213. Glomeruloid pattern 4 glands 
with irregular cribriform projection into dilated with irregular cribriform projections into dilated 
glands. glands. 


Figure 2.214. Telescoping gland-in-gland Figure 2.215. Telescoping gland-in-gland 
Gleason pattern 3 cancer (arrow) mimicking a Gleason pattern 3 cancer. 
glomeruloid structure. 
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Figure 2.217. Intraductal carcinoma of the 


Figure 2.216. Predominantly Gleason pattern 3 prostate mimicking cribriform Gleason pattern 
with telescoping. A few glands of Gleason pat- 4 carcinoma. 


tern 4 are present with either cribriform (arrow) 
or glomeruloid (arrowhead) formation. 


Figure 2.218. High molecular weight cytokeratin , l 

staining of case in Ficure 2.217 showing an intact Figure 2.219. Intraductal carcinoma of the 

basal cell layer around each gland. prostate mimicking cribriform Gleason pattern 
4 carcinoma. 
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Figure 2.220. Triple stains with high molecular Figure 2.221. Same case as Ficures 2.219 and 
weight cytokeratin/p63/AMACR staining of case 2.220 with irregular glands of cribriform Gleason 
in Figure 2.219 showing an intact basal cell layer pattern 4 carcinoma. 

around each gland. 


Figure 2.222. Triple stains with high molecular Figure 2.223. Cribriform intraductal carcinoma 
weight cytokeratin/p63/AMACR staining of case (left) where basal cell layer can be appreciated 
in Figure 2.221 showing an absence of a basal on H&E stains compared to irregular glands of 


cell layer around each gland. infiltrating cribriform Gleason pattern 4 (right). 
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Figure 2.224. Cribriform intraductal carcinoma Figure 2.225. Numerous cribriform glands that 
(arrow) where basal cell layer can be appreciated = on H&E alone would be diagnosed as Gleason 
on H&E stains. A few glands of Gleason pattern score4+4=8. 


3 are also present. 


Figure 2.226. Triple stains with high molecular Figure 2.227. Numerous cribriform glands that 
weight cytokeratin/p63/AMACR staining of case on H&E alone would be diagnosed as Gleason 
in Figure 2.225 showing an intact basal cell layer score4+4=8. 

around each gland diagnostic of intraductal car- 

cinoma. A Gleason score is not assigned. 


72 THE GLEASON GRADING SYSTEM 


Figure 2.228. High molecular weight cytokeratin Figure 2.229. Both cribriform intraductal carci- 
staining of case in FIGURE 2.227 showing an intact noma and cribriform Gleason pattern 4, which 


basal cell layer around each gland diagnostic of on the H&E stain are indistinguishable. 
intraductal carcinoma. A Gleason score is not 
assigned. 


Figure 2.230. High molecular weight cytokeratin Figure 2.231. Cribriform intraductal carcinoma 
staining of case in Figure 2.229 showing an intact with small foci of noncribriform Gleason score 
basal cell layer around some glands diagnostic 4 + 3 = 7 cancer (arrows). 

of intraductal carcinoma. Others lack a basal cell 

layer and can be diagnosed as Gleason cribri- 

form pattern 4 cancer. 
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Figure 2.232. p63 staining of case in FIGURE 3.231 
showing an intact basal cell layer around the 
cribriform glands diagnostic of intraductal carci- 
noma. Mixture of well- and poorly formed smaller 
glands (arrows) lacks a basal cell layer and can be 
diagnosed as Gleason score 4 + 3 = 7 cancer. 


Note: “Intraductal carcinoma” is used when there is an intraductal glan- 
dular proliferation, typically highlighted with basal cell stains, that is 
architecturally and/or cytologically much more atypical than high-grade 
PIN. This includes either (1) solid or dense cribriform patterns or (2) loose 
cribriform or micropapillary patterns with either marked nuclear atypia 
(nuclear size 6x normal) or comedonecrosis. Whether these lesions repre- 
sent cancerization of ducts and glands by invasive carcinoma or a de novo 
lesion arising within the ducts, from a practical standpoint, almost all 
cases with similar morphology have been associated with infiltrating high- 
grade aggressive cancer, and definitive treatment is recommended. 


If there is intraductal carcinoma associated with infiltrating Gleason pattern 
3 cancer, the diagnosis is clarified with a different note stating: 


Note: Intraductal spread is more frequently seen with Gleason patterns 4-5 
carcinoma although these are not present on the current tissue samples. 


In addition to cribriform glands, the other major morphologies of Gleason pat- 
tern 4 are poorly formed and fused glands. Only when there is a cluster of poorly 
formed glands, where a tangential section of Gleason pattern 3 glands cannot 
account for the histology, should the focus be graded as Gleason pattern 4. In 
some cases, all the glands are separate individual glands, yet lack the well-formed open 
lumina seen in Gleason pattern 3, and are graded as poorly formed glands of Gleason 
pattern 4 (Ficures 2.233—2.277). In other cases, the majority of glands are more 
well formed, yet rather than being discrete glands, they are fused to each other and 
are also graded Gleason pattern 4 (Ficures 2.278—2.314). In other cases, ill-defined 
glands with poorly formed glandular lumina are accompanied by fused glands. Small, 
well-formed glands still are within the spectrum of Gleason pattern 3 (see above 
Gleason pattern 3). 
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Figure 2.234. In addition to well-formed glands 
pattern 4. of Gleason pattern 3, there are numerous poorly 
formed glands of Gleason pattern 4. 


Figure 2.235. Gleason score 4 + 3 = 7 with Figure 2.236. Gleason pattern 4 with mostly 
poorly formed glands (left) contrasted to well- poorly formed glands and some fused glands. 
formed glands (right). 
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Figure 2.237. Gleason score 4 + 3 = 7 with Figure 2.238. Gleason score 4 + 3 = 7 with 
mostly poorly formed glands and a few well- mostly poorly formed glands of Gleason pattern 
formed glands. 4 and a few well-formed glands of Gleason pat- 


tern 3 (top center). 


Figure 2.239. Gleason score 3 + 4 = 7 with Figure 2.240. Gleason score 3 + 4 = 7 with 
mostly well-formed glands and a cluster of mostly well-formed glands (top) and a cluster 
poorly formed glands of Gleason pattern 4 of poorly formed glands of Gleason pattern 4 


(upper left). (bottom). 
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Figure 2.241. Gleason score 3 + 4 = 7 with Figure 2.242. Gleason score 4 + 3 = 7 with 
mostly well-formed glands and a cluster of mostly poorly formed glands of Gleason pattern 4, 
poorly formed glands of Gleason pattern 4 a few well-formed glands of Gleason pattern 
(lower left). 3 (lower left), and fused glands of Gleason 


pattern 4 (upper right). 


Figure 2.243. Gleason score 3 + 4 = 7 witha Figure 2.244. Higher magnification of FIGURE 
cluster of poorly formed glands of Gleason pat- 2.243 showing poorly formed glands (arrow) 
tern 4 (center). contrasted to a few well-formed glands (arrow- 


head) with open well-developed lumina. 
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Figure 2.245. Gleason score 3 + 4 = 7 with mix- Figure 2.246. Column of cancer with well- 
ture of well-formed glands and poorly formed formed glands Gleason pattern 3 (top), crib- 
glands of Gleason pattern 4. Note tumor riform Gleason pattern 4 (arrow), and poorly 


invades adipose tissue consistent with extrapros- formed Gleason pattern 4 (bottom). 
tatic extension. 


Figure 2.247. Gleason score 3 + 4 = 7 with Figure 2.248. Gleason pattern 3 (left) and 
mixture of well-formed glands (upper left and poorly formed glands of Gleason pattern 
right) and poorly formed glands (center) of 4 (right). 


Gleason pattern 4. 
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Figure 2.249. Gleason pattern 3 (right) and 


poorly formed glands of Gleason pattern 
4 (left). 


Figure 2.250. Gleason pattern 3 (right) and 
poorly formed glands of Gleason pattern 
4 (left). 


Figure 2.251. Gleason pattern 3 (upper left) 
and poorly formed glands of Gleason pattern 4. 


Figure 2.252. Gleason score 3 + 4 = 7 with mix- 
ture of well-formed glands and poorly formed 
glands. There are too many poorly formed 
glands to all represent tangentially sectioned 
Gleason pattern 3 glands. 
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Figure 2.253. Gleason pattern 3 (left) and Figure 2.254. Poorly formed glands of Gleason 
poorly formed glands of Gleason pattern 4 pattern 4. 
(right). 


Figure 2.255. Poorly formed glands of Gleason Figure 2.256. Poorly formed glands of Gleason 
pattern 4. pattern 4. 
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Figure 2.258. Mixture of well-formed glands and 
pattern 4. poorly formed glands. 


Figure 2.259. Mostly poorly formed glands of Figure 2.260. Gleason score 4 + 3 = 7 with mix- 

Gleason pattern 4. ture of well-formed glands of Gleason pattern 3 
(lower left) and poorly formed glands (upper 
right) of Gleason pattern 4. 
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Figure 2.261. Higher magnification of FIGURE Figure 2.262. Mostly poorly formed glands of 
2.260 showing poorly formed glands. Gleason pattern 4. 


Figure 2.263. Mostly poorly formed glands of Figure 2.264. Mostly poorly formed glands of 
Gleason pattern 4. Gleason pattern 4. 


82 THE GLEASON GRADING SYSTEM 


Figure 2.265. Poorly formed glands of Gleason 
pattern 4. 


Figure 2.267. Mostly poorly formed glands of 
Gleason pattern 4. 


Figure 2.266. Mostly poorly formed glands of 
Gleason pattern 4. 
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Figure 2.268. Poorly formed glands of Gleason 
pattern 4. 
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Figure 2.269. Poorly formed glands of Gleason Figure 2.270. Gleason score 4 + 3 = 7 with mostly 
pattern 4 with poor cell preservation mimicking poorly formed glands of Gleason pattern 4. 
Gleason pattern 5. Poorly preserved glands are 

characterized by pyknotic nuclei. 


Figure 2.271. Poorly formed glands of Gleason Figure 2.272. Mostly poorly formed glands of 
pattern 4. Gleason pattern 4. 
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Figure 2.273. Mostly poorly formed glands of Figure 2.274. Mixture of well-formed glands 
Gleason pattern 4. and poorly formed glands. 


Figure 2.275. Mixture of well-formed glands Figure 2.276. Higher magnification of FIGURE 
and poorly formed glands. 2.275 showing mixture of well-formed glands 
and poorly formed glands. 
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Figure 2.277. Small focus of Gleason score Figure 2.278. Predominantly fused glands of 
4 + 4 = 8 composed of poorly formed glands. Gleason pattern 4. 


Figure 2.279. Fused glands of Gleason pattern 4 Figure 2.280. Gleason pattern 4. 
(left). 
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Figure 2.281. Well-formed individual glands of Figure 2.282. Well-formed discrete glands of 
Gleason pattern 3 (right) with fused glands of Gleason pattern 3 (left) with fused glands of 
Gleason pattern 4 (left). Gleason pattern 4 (right). 


Figure 2.283. Higher magnification of FIGURE Figure 2.284. Fused glands of Gleason pattern 4 
2.282 showing fused glands of Gleason pattern with a few well-formed glands of Gleason 
4 (top center). pattern 3. 
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Figure 2.285. Fused glands of Gleason pattern Figure 2.286. Gleason score 3 + 4 = 7 with 

4 (upper left) with a few well-formed glands of well-formed individual glands of Gleason 

Gleason pattern 3. pattern 3 and a few fused glands of Gleason 
pattern 4 (arrow). 


Figure 2.287. Fused glands of Gleason pattern 4 Figure 2.288. Predominantly fused glands of 
(right) with Gleason pattern 3 (left). Gleason pattern 4 with a few well-formed dis- 
crete glands of Gleason pattern 3. 
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Figure 2.289. Higher magnification of FIGURE Figure 2.290. Gleason score 3 + 4 = 7 with 

2.288 showing fused glands of Gleason pattern 4. well-formed individual glands of Gleason 
pattern 3 and a few fused glands of Gleason 
pattern 4 (arrows). 


Figure 2.291. Fused poorly formed glands of Figure 2.292. Fused poorly formed glands of 
Gleason pattern 4. Gleason pattern 4. 
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Figure 2.293. Predominantly fused glands of Figure 2.294. Fused poorly formed glands of 
Gleason pattern 4. Gleason pattern 4. 


Figure 2.295. Fused glands of Gleason pattern 4. Figure 2.296. Predominantly fused glands of 
Gleason pattern 4 with a few well-formed indi- 
vidual glands of Gleason pattern 3 (bottom). 
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Figure 2.298. Predominantly fused glands of 
Gleason pattern 4 (upper left) with a few well- 
formed discrete glands of Gleason pattern 3. 


Figure 2.299. Gleason score 3 + 4 = 7 with Figure 2.300. Higher magnification of FIGURE 
well-formed discrete glands of Gleason pattern 3 2.299 showing fused glands of Gleason 
(right) and fused glands of Gleason pattern 4 pattern 4. 


(left). 
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CHAPTER 2 


Figure 2.301. Fused glands of Gleason pattern 
4 (lower left) with discrete glands of Gleason 
pattern 3. 


Figure 2.303. Mixture of fused glands of 
Gleason pattern 4 (bottom left) with well- 
formed discrete glands of Gleason pattern 3 
(top). 


Figure 2.302. Fused glands of Gleason pattern 4 
(arrow). 
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Figure 2.304. Predominantly fused glands of 
Gleason pattern 4. 
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Figure 2.306. Fused glands of Gleason pattern 4. 


Figure 2.305. Fused glands of Gleason pattern 4. 


Figure 2.308. Predominantly fused glands of 


Gleason pattern 4. 


Figure 2.307. Fused glands of Gleason pattern 4. 
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Figure 2.309. Mixture of fused glands of Figure 2.310. Fused glands of Gleason pat- 
Gleason pattern 4 (upper right) with well- tern 4 (top) with well-formed discrete glands of 
formed discrete glands of Gleason pattern 3 Gleason pattern 3 (bottom). 

(lower left). 


Figure 2.311. Fused glands of Gleason pattern 4. Figure 2.312. Fused (right) and cribriform (left) 
glands of Gleason pattern 4. 
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Figure 2.313. Fused poorly formed glands of Figure 2.314. Predominantly fused glands of 
Gleason pattern 4. There is still sufficient gland Gleason pattern 4. 
formation to exclude Gleason pattern 5. 


The final morphology seen with Gleason pattern 4 is the so-called hypernephro- 
matoid pattern that is supposed to resemble renal cell carcinoma. This is the least 
common pattern despite the prominence that Gleason gave it in the original Gleason 
grading system. Despite the lack of gland formation, there are well-formed uniform 
small nests of cells that are not seen in Gleason pattern 5 (Figures 2.315—2.317). 
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Figure 2.315. Hypernephromatoid pattern with Figure 2.316. Higher magnification of FIGURE 
uniform small nests of cells with pale cytoplasm. 2.315 with nests of cells with vague glandular 
differentiation. 
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Figure 2.317. Hypernephromatoid pattern with 
uniform small nests of cells. 


Gleason Pattern 5 


Gleason pattern 5 consists of sheets of tumor, individual cells, and cords of cells 
(FIGURE 2.318; Summarized in TABLE 2.3 at end of chapter). Less commonly, 
there are nests of cells. Two studies using different patient populations have 
demonstrated the tendency for pathologists to undergrade Gleason pattern 5 in 
almost 50% of needle biopsy cases sent for a second opinion at the request of 
the patient or urologist. Pattern 5 was missed more frequently when it was not the 
primary pattern. None of the architectural patterns appear to be correctly identified 
more than another, except that the most accurate grading was when the primary pat- 
tern was 5 and composed mostly of solid sheets.” (Figures 2.319-2.326). Due to 
the important prognostic and therapeutic implications of Gleason pattern 5 (see 
Chapter 6), pathologists must be attuned to its varied architectural patterns and 
that it often may represent a minor component of prostatic carcinoma. 


Figure 2.318. Schematic picture of Gleason 
pattern 5. 


Figure 2.319. Needle biopsy with sheets of 
Gleason pattern 5 cancer. 
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Figure 2.320. Higher magnification of FIGURE . : i 
2.319 showing sheets of cancer without any Figure 2.321. Sheets of relatively uniform cells 


glandular differentiation. Despite being Gleason of Gleason pattern 5. 
pattern 5, there is not marked cytologic pleo- 
morphism, which is typical of prostate cancer. 
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Figure 2.322. Gleason pattern 5 with sheets of 
cells. Figure 2.323. Gleason pattern 5 with sheets of 


cells. 
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Figure 2.324. Sheets of Gleason pattern 5. Figure 2.325. Higher magnification of FIGURE 
2.324 showing relatively uniform cells. 


Solid nests of cells with vague microacinar or only occasional gland space 
formation are still consistent with Gleason pattern 5 (FIGURES 2.327-2.331). 
Single cells are another frequent morphology of Gleason pattern 5 (Figures 2.332- 
2.347). It is not uncommon to see poorly formed glands along with single cells result- 
ing in a Gleason score of 4 + 5 = 9 or 5 + 4 = 9. Whether a tumor is Gleason score 4 + 5 
=9,5+4=9, or5 +5 =10 is not that critical as together they are considered relatively 


Figure 2.326. Gleason pattern 5 with sheets of 
cells. 
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Figure 2.327. At low magnification, tumor 
appears as sheets of cells, consistent with 
Gleason pattern 5. 
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Figure 2.329. Sheets of cells with such rudimen- 
tary gland formation that still should be graded 
as Gleason pattern 5. 


Figure 2.328. Higher magnification of FIGURE 
3.327 shows vague microacinar differentiation 
typical of prostate cancer, yet the degree of 
glandular/cribriform differentiation is so mini- 
mal that it should still be considered Gleason 
pattern 5. 


Figure 2.330. Cribriform Gleason pattern 4 
(top) merging with Gleason pattern 5 (bottom) 
composed of sheets of cells with only rare mini- 
mal lumen formation. 
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Figure 2.332. Gleason pattern 5 composed of 


single cells and small clusters of cells without 
Figure 2.331. Gleason pattern 5 consisting of a glandular differentiation. Despite high-grade 
sheet of cells with only very vague microacinar cancer based on architecture, the cells are not 
differentiation. cytologically pleomorphic. 


Figure 2.333. Gleason score 4 + 5 = 9 with Figure 2.334. Higher magnification of FiGure 2.333 
poorly differentiated glands (top) merging in showing mostly individual cells of Gleason pattern 5. 
with single cells (bottom). 
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Figure 2.335. Gleason score 5 + 4 = 9 with mix- Figure 2.336. Gleason score 4 + 5 = 9 with mix- 
ture of poorly formed glands and single cells. ture of poorly formed glands and single cells. 


Figure 2.337. Higher magnification of FIGURE Figure 2.338. Gleason score 5 + 4 = 9 with pre- 
2.336 with poorly differentiated glands (bottom) dominantly single cells and a few poorly formed 
merging in with single cells (top). glands. 
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Figure 2.339. Gleason pattern 5 composed of 
single cells and small clusters of cells without 
glandular differentiation. 


Figure 2.341. Gleason score 5 + 5 = 10 with 
small focus of individual cells without glandular 
differentiation. 


Figure 2.340. Gleason score 5 + 4 = 9 with 
single cells, poorly formed glands, and a 
cribriform gland. 
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Figure 2.342. Gleason score 5 + 5 = 10 com- 
posed of single cells and small solid clusters of 
cells. 
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Figure 2.343. Gleason score 5 + 5 = 10 com- Figure 2.344. Gleason score 5 + 5 = 10 com- 
posed of single cells and small clusters of cells posed of single cells and small nests of cells. 
without lumina. 


Figure 2.345. Scattered small foci of Gleason Figure 2.346. Higher magnification of FIGURE 
score 5 + 5 = 10 infiltrating between benign 2.345 showing individual cells of Gleason 
glands. pattern 5. 
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Figure 2.347. Gleason score 5 + 4 = 9 with pre- 
dominantly single cells and a few poorly formed 
glands. 


undifferentiated tumor with typically a poor prognosis. Most cases of Gleason score 
9-10 are fairly extensive on needle biopsy, although uncommonly only a small focus 
of such high-grade cancer is present on biopsy (Figures 2.348 and 2.349). Although 
the majority of cases with Gleason pattern 5 are either Gleason score 9 or 10, some 
cases are Gleason score 3 + 5 = 8 or 5 + 3 = 8 (Ficures 2.350—2.353). The rules for 
grading tumors with predominantly pattern 3 and focal pattern 5, as well as cases with 
mostly pattern 5 with only focal Gleason pattern 3, are discussed in Chapter 4. 

When tumors have such poorly formed glands, they should be considered Gleason 
pattern 5 as opposed to Gleason pattern 4. In this setting, it is frequent to undergrade 
the lesion as Gleason pattern 4. Often there is a transition from poorly formed glands 
of Gleason pattern 4 to glands with barely any glandular differentiation that should 
be considered Gleason pattern 5 (Figures 2.354—2.376). 


Figure 2.348. Small focus of Gleason score Figure 2.349. Higher magnification of FIGURE 
5 + 5 = 10 on needle biopsy. 2.348 showing small cluster of single cells of 
Gleason pattern 5. 
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Figure 2.350. Gleason score 3 + 5 = 8 with pre- Figure 2.351. Gleason score 3 + 5 = 8 with 
dominantly Gleason pattern 3 and small focus of | Gleason pattern 3 (right) and Gleason pattern 5 
single cells of Gleason pattern 5. (left). 
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Figure 2.352. Higher magnification of FIGURE 


2.351 showing Gleason pattern 5 with individual Figure 2.353. Gleason score 3 + 5 = 8 with 
éahcercells: Gleason pattern 3 (right) and Gleason pattern 5 


(left). 
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Figure 2.354. Poorly formed glands of Gleason Figure 2.355. Gleason pattern 5 with only primi- 
pattern 4 admixed with nests of cells, some with tive gland formation. 

rudimentary lumen formation that should be 

graded as Gleason pattern 5. 


Figure 2.356. Higher magnification of Figure 2.355 Figure 2.357. Predominantly Gleason pattern 5 
with nests of cells with barely identifiable lumen with very abortive gland formation. 
formation consistent with Gleason pattern 5. 
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Figure 2.358. Cords and nests of cells with rare Figure 2.359. Gleason score 3 + 5 = 8 with area 

lumen formation that still should be considered of pattern 5 showing such abortive gland for- 

Gleason pattern 5. mation that should not be considered Gleason 
pattern 4. 
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Figure 2.360. Gleason score 4 + 5 = 9 with Figure 2.361. Gleason score 5 + 4 = 9 with 
poorly formed glands of Gleason pattern 4 such poorly formed glands best considered as 
(bottom) contrasted to barely identifiable glands Gleason pattern 5 (arrows). 

(top) of Gleason pattern 5. 
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Figure 2.362. Gleason score 4 + 5 = 9 with Figure 2.363. Higher magnification of FIGURE 

transition from poorly formed glands of Gleason 2.362 with poorly formed glands of Gleason pat- 

pattern 4 (center top) to Gleason pattern 5 (left tern 4 (right) and other nests of cells with such 

and right). poor glandular differentiation (left) that they 
should be considered Gleason pattern 5. 
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Figure 2.364. Gleason pattern 5 with barely dis- Figure 2.365. Very vague glandular differentia- 
cernible glandular differentiation. tion that still warrants Gleason pattern 5. 
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Figure 2.366. Small nests of cancer with nuclei Figure 2.367. Gleason score 5 + 5 = 10 with 
somewhat arranged around the periphery yet small clusters of cancer with nuclei arranged 
lacking even poorly formed glands, diagnostic around the periphery (arrows) yet lacking even 
of Gleason score 5 + 5 = 10. poorly formed glands, which would be neces- 


sary for the diagnosis of Gleason pattern 4. 


Figure 2.368. Gleason pattern 5 with individual Figure 2.369. Gleason score 5 + 5 = 10 with 
cells, cords, and small clusters with some show- vague gland formation (arrows) that is insuffi- 
ing an abortive attempt at rudimentary gland cient for the diagnosis of Gleason pattern 4. 
formation (arrows). 


CHAPTER2 THE CURRENT MODIFIED GLEASON GRADING SYSTEM 109 


Figure 2.371. Gleason score 9 with poorly 
formed glands of Gleason pattern 4 (top) and 
predominantly undifferentiated Gleason pattern 
5 tumor with very vague attempt at glandular 
differentiation (bottom). 


Figure 2.370. Gleason pattern 5 with barely dis- 
cernible glandular differentiation (arrows). 


Figure 2.372. Gleason score 9 with focal poorly Figure 2.373. Gleason score 10 with barely rec- 
formed glands of Gleason pattern 4 (upper ognizable gland formation. 

right) with adjacent Gleason pattern 5 tumor 

showing almost imperceptible glandular differ- 

entiation. 
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Figure 2.374. Gleason pattern 5 (center) sur- Figure 2.375. Gleason score 9 with Gleason 
rounded by better glandular differentiation of pattern 5 (center) surrounded by better glandu- 
Gleason pattern 4. lar differentiation of Gleason pattern 4. 


A relatively uncommon morphology is comedonecrosis with solid nests 
(Ficures 2.377—2.383). Occasionally one can see necrosis with cribriform masses 
that by themselves might be cribriform pattern 4; the consensus is that these pat- 
terns should be regarded as Gleason pattern 5 (Fıcures 2.384—2.388). One must be 
stringent as to the definition of comedonecrosis, requiring intraluminal necrotic cells and/ 
or karyorrhexis, especially in the setting of cribriform glands. Occasionally, cribriform 
glands have eosinophilic material within their lumina that if unaccompanied by necrotic 
cells at the periphery should not be considered Gleason pattern 5 (FIGURE 2.389). 


Figure 2.376. Thick section of Gleason score Figure 2.377. Solid nest of Gleason pattern 5 with 
5 + 4=9 with mostly undifferentiated tumor cytologic pleomorphism and comedonecrosis. 
showing at most vague glandular differentiation. 
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Figure 2.378. Gleason pattern 5 with extensive Figure 2.379. Gleason pattern 5 with extensive 

comedonecrosis. comedonecrosis. Note transition from viable 
tumor at the periphery of the nests, to necrotic 
cells, to central cellular necrosis. 


Figure 2.380. Gleason pattern 5 carcinoma with 
comedonecrosis. 


Figure 2.381. Multiple solid nests of Gleason 
pattern 5 with extensive comedonecrosis. Note 
transition from viable tumor at the periphery of 
the nests, to necrotic cells, to central cellular 
necrosis. 
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Figure 2.382. Gleason pattern 5 with comedo- Figure 2.383. Gleason pattern 5 comedonecro- 
necrosis. A few necrotic cells are seen at the sis with ghosts of necrotic cells surrounded by 
border between viable tumor and central cellular thin rim of viable cells. 

necrosis. 


Figure 2.385. Gleason pattern 5 with both solid 


Figure 2.384. Cribriform gland with subtle com- nests (upper left) and cribriform glands (lower 
edonecrosis demonstrating karyorrhexis (arrow) right) with comedonecrosis. 


at the interface between viable and necrotic 
tumor. 
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Figure 2.386. Cribriform gland with comedone- Figure 2.387. Gleason pattern 5 cribriform 
crosis diagnostic of Gleason pattern 5. glands with comedonecrosis. 
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Figure 2.388. Cribriform gland with comedone- Figure 2.389. Cribriform and papillary Gleason 
crosis on needle biopsy containing mummified pattern 4 with central eosinophilic material lack- 
necrotic cells diagnostic of Gleason pattern 5. ing necrotic cells. 
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Figure 2.390. Medium-sized nest of Gleason i 

pattern 5 carcinoma that could be difficult to Figure 2.391. Irregular nests of Gleason pattern 

distinguish from urothelial carcinoma. 5 prostate carcinoma. The uniform cytology and 
lightly eosinophilic cytoplasm are typical of pros- 
tate cancer. 


Other less common morphologies seen with Gleason pattern 5 are small nests 
(Figures 2.390 and 2.391) and cords of cells (Figures 2.392—2.397). The nested 
growth may be confused with urothelial carcinoma, while cords is a pattern that is not 
seen in urothelial carcinoma. 

As discussed in greater detail above under the section of Gleason pattern 4, 
intraductal carcinoma of the prostate, which typically mimics cribriform Gleason 
pattern 4, can also mimic Gleason pattern 5.'*!° In these cases of intraductal car- 
cinoma, there are solid nests of cells, often with comedonecrosis. If stains for basal 
cell markers had not been performed, these cases of intraductal carcinoma would be 
considered Gleason pattern 5 (Figures 2.398—2.403). However, in the presence of an 
intact basal cell layer around all the solid nests, invasive carcinoma cannot be diag- 
nosed and a Gleason score cannot be assigned. 


Figure 2.393. Gleason pattern 5 with cords of 
cells (upper right). 


Figure 2.392. Gleason pattern 5 with solid nests 
of cells (top) and cords of cells (bottom). 
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Figure 2.394. Single cells of tumor (right) and Figure 2.395. Higher magnification of FIGURE 
cords of cells (left) diagnostic of Gleason pattern 5. 2.394 showing cords of Gleason pattern 5 
(upper left). 


Figure 2.396. Tumor arranged in cords consis- 


tent with Gleason pattern 5. Figure 2.397. Gleason pattern 5 with cords and 


nests of tumor. 
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Figure 2.398. Solid nests (lower left) and crib- Figure 2.399. Same case as in FiGure 2.398 
riform glands with comedonecrosis that in the labeled with high molecular weight cytokeratin 
absence of basal cell stains would be graded as and p63. The tumor is surrounded by a basal 
Gleason score 9. cell layer, resulting in the diagnosis of intraductal 


carcinoma without assigning a Gleason score. 


Figure 2.400. Intraductal carcinoma of the pros- Figure 2.401. Higher magnification of FIGURE 
tate. Some of the nests are indistinguishable 2.400 showing intraductal carcinoma partial 
from Gleason pattern 5 on H&E stained section. involvement of a benign gland. 

In others, carcinoma can be seen partially involv- 

ing benign glands (arrows). 
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Figure 2.402. Intraductal carcinoma with solid Figure 2.403. Same case as in Ficure 2.402 
nests of cells with comedonecrosis partially intraductal carcinoma labeled with high molecu- 
involving a benign gland (arrow). lar weight cytokeratin and p63. 
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SUMMARY 


The 2005 ISUP consensus conference-modified grading system is depicted in 
TABLE 2.3 along with subsequent minor modifications noted in italics relating to 
the grading of cribriform glands. 


eleza M 


2005 ISUP Modified Gleason System 


Pattern 1: 


e Circumscribed nodule of closely packed but separate, uniform, rounded to oval, 
medium-sized acini (larger glands than pattern 3) 


Pattern 2: 


e Like pattern 1, fairly circumscribed, yet at the edge of the tumor nodule there may 
be minimal infiltration. 


e Glands are more loosely arranged and not quite as uniform as Gleason pattern 1. 


Pattern 3: 
e Discrete glandular units 
e Typically smaller glands than seen in Gleason pattern 1 or 2 
e Infiltrates in and amongst nonneoplastic prostate acini 
e Marked variation in size and shape 


Pattern 4: 
e Fused microacinar glands 
e Ill-defined glands with poorly formed glandular lumina 


e Smoothly circumscribed small cribriform nodules of tumor (currently regarded as 
pattern 4) 


e Large cribriform glands (all cribriform glands currently graded as pattern 4) 


e Cribriform glands with an irregular border (all cribriform glands currently graded as 
pattern 4) 


e Hypernephromatoid 


Pattern 5: 
e Essentially no glandular differentiation, composed of solid sheets, cords, or single 
cells 
e Comedocarcinoma with central necrosis surrounded by papillary, cribriform, or solid 
masses 
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CHAPTER 2: KEY POINTS 


One should not initially use the 20x or 40x objectives to look for rare fused 
glands or a few individual cells seen only at higher power, which would lead 
to an overdiagnosis of Gleason pattern 4 or 5, respectively. 


The best way to report the Gleason grades in a pathology report is in a math- 
ematical equation (i.e., Gleason score 3 + 3 = 6). 


A Gleason score of 1 + 1 = 2 is a grade that should be diagnosed, regardless of 
the type of specimen, with extremely rare exception. 


Gleason pattern 3 cancer consists of variably sized individual glands that are 
well formed. In contrast to Gleason pattern 4, the glands in Gleason pattern 
3 are discrete units. 


All cribriform cancer should be interpreted as Gleason pattern 4. 


Situations leading to overgrading of Gleason pattern 3 include crowded 
glands, tangential sections of small well formed glands, branching glands, 
thick poorly sectioned tissue, and complex growth in areas of perineural inva- 
sion and mucinous fibroplasia. 


Gleason pattern 4 consists of cribriform glands, poorly formed glands, fused 
glands, and least commonly the hypernephromatoid pattern. 


Glomerulations represent an early stage of cribriform pattern 4 cancer and are 
best graded as Gleason pattern 4. 


If only intraductal carcinoma is present, then a grade is not assigned. However, 
it should be noted that almost all cases have been associated with infiltrating 
high-grade aggressive cancer, and definitive treatment is recommended. 


Only when there is a cluster of poorly formed glands, where a tangential sec- 
tion of Gleason pattern 3 glands cannot account for the histology, should the 
focus be graded as Gleason pattern 4. 


Gleason pattern 5 consists of sheets of tumor, individual cells, cords of cells, 
and less commonly nests of cells. 


Pathologists tend to undergrade Gleason pattern 5 on needle biopsy. 


Solid nests of cells with vague microacinar or only occasional gland space 
formation are still consistent with Gleason pattern 5. 
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GRADING VARIANTS 


OF PROSTATE 
CARCINOMA 


ADENOCARCINOMA WITH VACUOLES 


Adenocarcinomas of the prostate may contain clear vacuoles that differ from true 
signet ring cell carcinomas that contain mucin (Ficures 3.1—3.13).'” The latter typi- 
cally indicates origin from the gastrointestinal tract or urinary bladder. Even without 
histochemical stains, one can distinguish true signet ring cell carcinomas from signet 
ring cell-like adenocarcinomas of the prostate. The vacuoles in prostate cancer are 
completely clear. In contrast, true signet ring cell adenocarcinomas have a hint of 
blue-tinged mucin within the vacuoles. In Gleason’s original description, vacuoles 
are described under pattern 5 tumor.’ Although vacuoles are typically seen within 
Gleason pattern 4 or 5 cancer, they may also be seen within Gleason pattern 3 
tumors. Tumors should be graded, as if the vacuoles are not present, by only 
evaluating the underlying architectural pattern (TABLE 3.1). 


FOAMY GLAND CARCINOMA 


Uncommonly, adenocarcinomas of the prostate are composed of cells with abundant 
xanthomatous-appearing cytoplasm and typically very bland nuclei. One should 
ignore the foamy cytoplasm and grade the tumor solely based on the underlying 
architecture (TABLE 3.1). Initially, foamy gland cancer was described as consisting of 
discrete well-formed glands, as the majority of foamy gland carcinomas are Gleason 
score 3 + 3 = 6 (Ficures 3.14—3.17).? A subsequent study demonstrated that the full 
range of architectural patterns seen in usual prostate cancer can also be seen in foamy 
gland cancer.‘ Foamy gland cancers with poorly formed/fused/cribriform glands and 
those lacking gland formation should be graded as Gleason patterns 4 and 5, respec- 
tively (Ficures 3.18-3.21). An unusual variant of foamy gland consists of widely 
separated foamy glands associated with a very prominent desmoplastic stroma. These 
tumors tend to be extensive aggressive cancers and typically are high grade despite the 
relative paucity of malignant glands.‘ 
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Figure 3.1. Gleason score 3 + 3 = 6 with cyto- 
plasmic vacuoles. Subtracting the vacuoles, 
the tumor is composed of discrete well-formed 
glands. 


Figure 3.2. Gleason pattern 3 with cytoplasmic 
vacuoles. 


Figure 3.3. Gleason score 4 + 3 = 7 with vacu- Figure 3.4. Gleason pattern 4 composed of 
oles. Most of the tumor is composed of poorly cribriform and fused glands with vacuoles. 
formed glands with clear cytoplasmic vacuoles. 
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Figure 3.5. Poorly formed and fused glands Figure 3.6. Gleason pattern 4 consisting of 
of Gleason pattern 4 with clear cytoplasmic poorly formed and fused glands with clear cyto- 
vacuoles. plasmic vacuoles. 


Figure 3.7. Adenocarcinoma with clear cyto- Figure 3.8. Poorly formed and fused glands of 
plasmic vacuoles. The background architecture Gleason pattern 4 with clear cytoplasmic vacuoles. 
is poorly formed and fused glands of Gleason 

pattern 4. 
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Figure 3.9. Gleason score 4 + 5 = 9 with poorly 
formed glands and single cells with cytoplasmic 


vacuoles. 


Figure 3.11. Gleason score 5 + 5 = 10 with 
cytoplasmic clear vacuoles. 
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Figure 3.10. Higher magnification of Figure 3.9 
showing poorly formed glands (top) and single 
cells without glandular differentiation (bottom) 
with cytoplasmic vacuoles. 


Figure 3.12. Signet ring cell-like Gleason pat- 
tern 5 adenocarcinoma of the prostate with 
individual cells containing clear cytoplasmic 
vacuoles. In contrast to true signet ring cell 
adenocarcinomas of the gastrointestinal tract or 
bladder, the clear vacuoles lack mucin. 
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Figure 3.13. Gleason score 5 + 5 = 10 with indi- 
vidual cells containing numerous clear intracyto- 
plasmic vacuoles. 
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Grading of Variants: Grade Based on Underlying Growth Pattern 


Cancer with cytoplasmic vacuoles 
Foamy gland cancer 
Mucinous (colloid) carcinoma 


Adenocarcinoma with focal mucin extravasation 


DUCTAL ADENOCARCINOMA 


Ductal adenocarcinomas of the prostate are most commonly composed of either pap- 
illary fronds or cribriform structures, where the prognosis is comparable to Gleason 
score 4 + 4 = 8 acinar (usual) cancer (FIGURES 3.22-3.29). Despite being high grade 
based on its architectural pattern, there is a range of cytologic atypia in ductal ade- 
nocarcinoma from cases with nuclei having very prominent nucleoli to cases with 
relatively bland cytology. Ductal adenocarcinomas should be graded as Gleason score 
4 + 4 = 8, while retaining the diagnostic term “ductal adenocarcinoma” to denote 
their unique clinical and pathologic findings. One option is to diagnose them as 
“prostatic ductal adenocarcinoma” and then in a comment or note after the diag- 
nosis state that these tumors behave aggressively comparable to a Gleason score 
4 + 4 = 8 acinar prostate cancer. Alternatively, the diagnosis could state “prostatic 
ductal adenocarcinoma (Gleason score 4 + 4 = 8).” In cases with mixed ductal and 
acinar patterns, the ductal patterns should be assigned Gleason pattern 4. One excep- 
tion to grading ductal adenocarcinoma as Gleason pattern 4 is prostatic intraepithe- 
lial neoplasia (PIN)-like ductal adenocarcinoma, which is assigned Gleason pattern 3 
(Ficures 3.30-3.32). PIN-like ductal adenocarcinoma consists of individual glands 
lined by tall pseudostratified columnar cells resembling high-grade PIN. Its prognosis 
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Figure 3.14. Gleason score 3 + 3 = 6 foamy Figure 3.15. Gleason score 3 + 3 = 6 adeno- 

gland adenocarcinoma of the prostate. carcinoma of the prostate with predominantly 
foamy gland features and focal nonfoamy usual 
morphology (right). 
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f . Figure 3.17. Back-to-back but still separate 
Figure 3.16. Individual well-formed glands of well-formed glands of Gleason score 3 + 3 = 6 


Gleason score 3 + 3 = 6 foamy gland adenocar- foamy gland adenocarcinoma of the prostate. 
cinoma of the prostate. 
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Figure 3.18. Gleason score 3 + 4 = 7 foamy Figure 3.19. Gleason score 4 + 4 = 8 foamy 
gland adenocarcinoma with a mixture of dis- gland adenocarcinoma with cribriform glands of 
crete well-formed glands of pattern 3 anda Gleason pattern 4. 


cribriform gland of Gleason pattern 4 (arrow). 
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Figure 3.21. Gleason pattern 5 foamy gland ade- 


Figure 3.20. Gleason score 4 + 4 = 8 foamy nocarcinoma with virtually no gland formation. 


gland adenocarcinoma with cribriform and 
poorly formed glands of Gleason pattern 4. 


128 THE GLEASON GRADING SYSTEM 


Figure 3.22. Papillary prostatic duct adenocarci- 
noma with papillary fronds lined by pseudostrat- 
ified columnar epithelium, the latter being the 
defining feature of ductal adenocarcinoma of 
the prostate. 


Figure 3.23. Higher magnification of FIGURE 3.22 
with pseudostratified columnar epithelium, 
which is the defining feature of ductal adenocar- 
cinoma of the prostate. This case shows moder- 
ate cytologic atypia with visible nucleoli. 


Figure 3.24. Papillary prostatic duct adenocarci- 
noma with relatively bland cytology that based 
on its architecture is graded as Gleason pattern 4. 


Figure 3.25. Gleason pattern 4 papillary pros- 

tatic duct adenocarcinoma with moderate cyto- 
logic atypia consisting of nuclei with numerous 
prominent nucleoli. 
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Figure 3.27. Cribriform Gleason pattern 4 


' , rostatic duct adenocarcinoma. 
Figure 3.26. Papillary prostatic duct adenocar- P 


cinoma, which should be graded as Gleason 
pattern 4. 


Figure 3.29. Prostatic ductal adenocarcinoma 
with papillary and cribriform architecture. Both 
are considered Gleason pattern 4. 


Figure 3.28. Cribriform Gleason pattern 4 
prostatic duct adenocarcinoma characterized 
by pseudostratified columnar epithelium as 
opposed to usual acinar cribriform Gleason pat- 
tern 4 carcinoma having cuboidal epithelium. 
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Figure 3.30. PIN-like ductal adenocarcinoma Figure 3.31. Higher magnification of Ficure 3.30 
have individual glands that resemble high- showing pseudostratified columnar epithelium 
grade PIN in that the glands are approximately diagnostic of ductal adenocarcinoma. 


the same size and may be separated by a fair 
amount of stroma, similar to PIN glands. This 
variant of ductal adenocarcinoma should be 
graded as Gleason pattern 3. 


appears comparable to Gleason pattern 3. Ductal adenocarcinoma with comedone- 
crosis is assigned a Gleason pattern 5 in an analogous fashion to acinar prostate cancer 
with necrosis (FIGURES 3.33 and 3.34). In addition to its occasional bland cytol- 
ogy, prostatic ductal adenocarcinomas may also be undergraded when they manifest 
as small foci of cancer at the tip of a needle biopsy core (Figures 3.35 and 3.36). 


Figure 3.32. Triple cocktail stain of case in 
Ficures 3.30 and 3.31 with positive staining for 
alpha-methylacyl-CoA racemase (AMACR, red 
chromogen) and loss of p63 and high-molecular- 
weight cytokeratin (brown chromogen). 
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Figure 3.33. Prostatic ductal adenocarcinoma Figure 3.34. Gleason pattern 5 prostatic duct 
with comedonecrosis, graded as Gleason adenocarcinoma with comedonecrosis. 
pattern 5. 


Figure 3.35. Small focus of Gleason pattern 4 Figure 3.36. Higher magnification of Ficure 3.35 
papillary prostatic ductal adenocarcinoma at the showing papillary architecture lined by pseu- 
tip of the needle biopsy core. dostratified columnar epithelium. 
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Grading of Variants: Cancer-specific Grading Rules 


Ductal Adenocarcinoma 


PIN-like ductal adenocarcinoma Gleason pattern 3 
Cribriform and papillary patterns Gleason pattern 4 
With comedonecrosis Gleason pattern 5 


Pseudohyperplastic Carcinoma 
Gleason pattern 3 


The reason is that prostatic duct adenocarcinomas may grow within large ducts, and 
when the needle biopsy core hits the lumen of the duct, the core fragments. 

Conceptually, this grading system follows what is used for acinar carcinoma where 
individual glands, cribriform glands, and glands with necrosis are graded as Gleason 
patterns 3, 4, and 5, respectively (TABLE 3.2). The presence of papillary fronds seen 
in prostatic ductal adenocarcinoma is the only architectural pattern where there is no 
analogous pattern in usual acinar carcinoma. It is assigned a Gleason pattern 4 as it 
commonly coexists with cribriform architecture. 


MUCINOUS (COLLOID) CARCINOMA 


Mucinous carcinoma is defined when >25% of the tumor contains carcinoma floating 
within lakes of extracellular mucin.’ If present on a biopsy, the diagnosis of adenocar- 
cinoma of the prostate with mucinous features is rendered. The grading of mucinous 
adenocarcinoma of the prostate is controversial. Roughly half of urologic patholo- 
gists consider by definition all mucinous carcinomas as Gleason score 4 + 4 = 8. 
The remaining urologic pathologists ignore the extracellular mucin and grade 
the tumor based on the underlying architectural pattern (TABLE 3.1).° The major- 
ity of mucinous carcinomas consist of irregular cribriform glands floating within a 
mucinous matrix, which would be scored Gleason score 4 + 4 = 8 regardless of the 
grading method used (Ficures 3.37 and 3.38).”° However, uncommonly, individual 
round discrete glands are seen floating within mucinous pools. In these cases, ignoring 
the mucin and grading the tumor based on the underlying architectural pattern would 
result in a grade of Gleason score 3 + 3 = 6 (Figures 3.39-3.42). The excellent prog- 
nosis of mucinous carcinomas in a large study of these tumors at radical prosta- 
tectomy supports grading mucinous prostate carcinomas based on the underlying 
architectural pattern rather than assuming that all of these tumors are aggressive. '° 


ADENOCARCINOMA WITH FOCAL MUCIN 
EXTRAVASATION 


Adenocarcinomas of the prostate with focal mucinous extravasation should not 
be by default graded as Gleason score 4 + 4 = 8. Rather, the grade should be 
based on the underlying architecture of the glands (Ficures 3.43-3.48) (TABLE 3.1). 
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Figure 3.37. Cribriform glands of Gleason pat- Figure 3.38. Colloid carcinoma Gleason pattern 
tern 4 floating in extracellular mucin. 4 with cribriform glands. 


Figure 3.39. Mucinous carcinoma with indi- Figure 3.40. Individual glands of Gleason pat- 
vidual glands of Gleason pattern 3 with extracel- tern 3 on needle biopsy floating within extracel- 
lular mucin. lular mucin. 
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Figure 3.41. If one ignores the extracellular Figure 3.42. Colloid carcinoma composed of 
mucin, this case would be graded as Gleason cribriform and individual glands, which, if the 
score3+3=6. mucin is ignored, would be graded as Gleason 


score 4 +3=/7. 


Figure 3.43. Adenocarcinoma of the prostate Figure 3.44. Both cribriform glands of Gleason 
Gleason score 3 + 4 = 7 with focal extracellular pattern 4 and individual glands of Gleason pat- 
mucin. tern 3 with focal extracellular mucin. 


CHAPTER3 DESCRIPTIONS AND ILLUSTRATIONS OF GLEASON PATTERNS 135 


is 


= 
z 


á/ 


et 
ee R 
PA 


Figure 3.46. Mixture of well- and poorly formed 
glands with extracellular mucin, graded as 
Gleason score 3+ 4=7. 


Figure 3.45. Both cribriform glands of Gleason 
pattern 4 (lower left) and individual glands of 
Gleason pattern 3 with focal extracellular mucin. 


Figure 3.47. Gleason score 3 + 4 = 7 with indi- Figure 3.48. Small focus of cribriform and indi- 
vidual and fused glands with mucin extravasation. vidual glands of Gleason score 3 + 4 = 7 with 
focal extracellular mucin extravasation. 
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The distinction between focal mucinous extravasation and colloid carcinoma is the pres- 
ence in colloid carcinoma of epithelial elements floating within the mucinous matrix as 
opposed to mucinous extravasation where there is only focal acellular mucin adjacent 
to cancer. 


SMALL CELL CARCINOMA 


Small cell carcinoma of the prostate has unique histologic, immunohistochemical, 
and clinical features compared to acinar (usual) prostate adenocarcinoma.'! They are 
morphologically identical to small cell carcinomas occurring at other sites with cells hav- 
ing enlarged hyperchromatic nuclei, nuclear molding, scant cytoplasm, and numerous 
mitotic figures and/or apoptotic bodies (FicuREs 3.49 and 3.50). In contrast, Gleason 
pattern 5 adenocarcinoma typically has prominent nucleoli and more abundant cyto- 
plasm (Ficures 3.51 and 3.52). Comparable to its more common pulmonary coun- 
terpart, chemotherapy is the mainstay of therapy for prostatic small cell carcinomas in 
contrast to hormonal therapy for Gleason pattern 5 prostatic acinar carcinoma. Small 
cell carcinoma of the prostate should not be assigned a Gleason grade (TABLE 3.3).° 
Rather, tumors should merely be diagnosed as “small cell carcinoma.” In cases 
where there is mixed small cell and usual prostate cancer, the grade of the associ- 
ated acinar component can be noted in the report (FicureE 3.53). 


Figure 3.50. Despite lack of glandular differ- 
entiation, small cell carcinoma should not be 
assigned a Gleason grade. Small cell carcinoma 
lacks the prominent nucleoli and more abundant 
cytoplasm seen in Gleason pattern 5 prostate 
adenocarcinoma. 


Figure 3.49. Small cell carcinoma has a very 
“blue” low-power appearance due to the scant 
cytoplasm and hyperchromatic nuclei. 
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Figure 3.51. At low magnification, this focus Figure 3.52. Higher magnification of Ficure 3.51 
could be confused with small cell carcinoma. showing nuclei with more prominent nucleoli 
and more abundant cytoplasm, characteristic 
of Gleason pattern 5 and ruling out small cell 
carcinoma. 


Be 


Grading of Variants: Do Not Assign Gleason Grade 


Small cell carcinoma 

Adenocarcinoma with Paneth cell-like neuroendocrine differentiation 
Carcinoma with severe hormone therapy effect 

Carcinoma with severe radiation therapy effect 


ADENOCARCINOMA WITH PANETH CELL-LIKE 
NEUROENDOCRINE DIFFERENTIATION 


Another form of neuroendocrine differentiation in prostate cancer is Paneth cell-like 
neuroendocrine differentiation. In a minority of otherwise typical adenocarcinomas 
of the prostate, eosinophilic cells can be identified that are chromogranin positive and 
contain neurosecretory granules by electron microscopy. The term “Paneth cell-like 
neuroendocrine differentiation” has been used to describe these eosinophilic neuroen- 
docrine cells.!'>!? Paneth cell-like neuroendocrine differentiation when present in 
well-formed glands does not lead to errors in Gleason grading, and these glands 
are graded as Gleason pattern 3 (FiGuRE 3.54). However, these cells may also 
be seen in small solid nests of cells with bland cytology resembling carcinoid 
tumors, where strictly applying the Gleason grading system one would assign 
a Gleason pattern 5 (Ficures 3.55 and 3.56). Even more challenging are cases 
where the granules are lost or sparse. The keys to recognizing these cases as show- 
ing neuroendocrine differentiation are the small nests, bland cytology, and deeply 
amphophilic cytoplasm; neuroendocrine differentiation can be confirmed with 
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Figure 3.53. Combination of small cell carci- Figure 3.54. Well-formed individual glands of 
noma (upper right) and Gleason pattern 5 carci- Gleason pattern 3 with numerous bright eosino- 
noma (lower left). philic Paneth cell-like neuroendocrine granules. 


Figure 3.55. Nests and cords of adenocarci- Figure 3.56. Small nests and single cells of 
noma with eosinophilic granules of Paneth cell- adenocarcinoma with Paneth cell-like neuroen- 
like neuroendocrine differentiation. Despite lack  docrine differentiation. These tumors should not 
of gland formation, these tumors have a good be graded as Gleason pattern 5 as they have a 


prognosis comparable to Gleason pattern 3. good prognosis. 
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Figure 3.57. Adenocarcinoma of the prostate Figure 3.58. Paneth cell-like neuroendocrine 
where some cells with Paneth cell-like neuro- differentiation without prominent eosinophilic 
endocrine differentiation can be recognized by granules. In contrast to Gleason pattern 5 

the bright eosinophilic granules. Other cells lack prostate cancer, the cells are bland and have 
such granules but have characteristic ampho- amphophilic granular cytoplasm. These tumors 
philic cytoplasm and bland nuclei. have the same favorable prognosis as cases with 


more obvious eosinophilic granules. 


immunohistochemistry (FicuREs 3.57—3.59). Despite the lack of gland formation, 
these tumors do not exhibit aggressive behavior. It is recommended that Gleason 
grading in such tumors be assigned only to the areas of conventional adeno- 
carcinoma. If the entire tumor shows Paneth cell-like neuroendocrine differen- 
tiation with areas lacking gland formation, then a Gleason score should not be 
assigned and a comment as to the generally favorable prognosis of these lesions 
could be provided (Taste 3.3).'‘ Given that “Paneth cell-like neuroendocrine 


Figure 3.59. Same case as Ficure 3.58 with cells 
showing strong positivity for chromogranin verify- 
ing Paneth cell-like neuroendocrine differentiation. 
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differentiation” may be misconstrued as small cell carcinoma, it should be spe- 
cifically emphasized in the report that these tumors are not small cell carcinoma. 


PSEUDOHYPERPLASTIC ADENOCARCINOMA 


Uncommonly, adenocarcinomas of the prostate share some architectural features with 
benign glands, including larger size, branching, and papillary infolding. Features that 
help to distinguish pseudohyperplastic adenocarcinoma from benign glands are (1) 
more crowded glands; (2) some larger glands having straight luminal border without 
papillary infolding; (3) the presence of prominent cytologic atypia including promi- 
nent nucleoli; and (4) lack of basal cells demonstrated by immunohistochemistry. 
These cancers should be graded as Gleason score 3 + 3 = 6 with pseudohyperplastic 
features (FicuRES 3.60-3.65) (TABLE 3.2).!*!° This convention is in large part based 
on the recognition that they are most often accompanied by more ordinary Gleason 
score 3 + 3 = 6 adenocarcinoma. In the uncommon case where some of the glands 
with pseudohyperplastic features have cribriform morphology, a Gleason pattern 4 
should be assigned (FicuRE 3.66). 


Figure 3.60. Pseudohyperplastic adenocarci- Figure 3.61. Same case as FiGure 3.60 labeled 
noma of the prostate with large cancer glands, with high-molecular-weight cytokeratin showing 
more similar in size to benign glands than usual a lack of basal cells in the large neoplastic pseu- 
cancer glands. In contrast to benign glands, dohyperplastic glands. 


there is a straight luminal border. Comparably 
sized benign glands with abundant cytoplasm 
typically have luminal infolding. These tumors 
should be graded as Gleason pattern 3. 
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Figure 3.62. Pseudohyperplastic adenocarci- Figure 3.63. Same case as Ficure 3.62 labeled 
noma of the prostate, Gleason score 3 + 3 = 6 with high-molecular-weight cytokeratin showing 
with large neoplastic glands with papillary a lack of basal cells in the pseudohyperplastic 
infolding. glands. Note benign gland (right) with retention 


of basal cell staining. 


Figure 3.64. Usual Gleason score 3 + 3 = 6 Figure 3.65. Higher magnification of FIGURE 3.64 
adenocarcinoma (left) adjacent to pseudohyper- with more crowded glands of pseudohyper- 
plastic adenocarcinoma (right). plastic showing glands with papillary infolding 


resembling benign glands. However, the glands 
are more crowded than benign glands. 
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Figure 3.66. Gleason score 3 + 4 = 7 pseudohy- 
perplastic adenocarcinoma of the prostate with 
cribriform as well as papillary patterns. 


POST-RADIATION THERAPY SPECIMENS 


It is controversial whether it is necessary to perform a biopsy to histologically demon- 
strate recurrent prostatic adenocarcinoma if the serum prostate-specific antigen (PSA) 
is rising after radiotherapy. Some experts argue that one can document that tumor is 
recurring following radiotherapy solely based on the rising serial PSA measurements 
and treat the patients, for example, with hormone therapy. Other oncologists feel 
more comfortable histologically documenting recurrence of cancer before initiating 
therapy. For more definitive treatment of postradiotherapy failures (i.e., salvage pros- 
tatectomy or salvage cryotherapy), where associated morbidity is higher, histologic 
documentation of recurrent cancer is mandatory. In some postradiation biopsies, 
cancer is present yet shows significant treatment effect composed of individ- 
ual cells with abundant vacuolated cytoplasm. Nuclei lack apparent nucleoli 
and are either large with bizarre shapes or pyknotic with smudged chromatin 
(Ficures 3.67-3.72). Despite the appearance of a higher grade, tumors with 
significant radiation effect are associated with an excellent prognosis similar 
to postradiation biopsies without cancer.'”'* Consequently, it is recommended 
that cancers with significant radiation effect are not assigned a Gleason score 
(TaBLE 3.3). If there is tumor that does not show significant treatment effect, 
despite the prior history of therapy, then that tumor should be graded in an 
analogous fashion to nontreated cancer (FIGURES 3.73 and 3.74). 
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Figure 3.67. Adenocarcinoma of the prostate 
with radiation effect consisting of individual 
cells and poorly formed glands with prominent 
cytoplasmic vacuoles and relatively bland nuclei. 
A Gleason score is not assigned. 


Figure 3.68. Adenocarcinoma of the prostate 
with radiation effect where the individual cells 
and poorly formed glands have cytoplasmic vac- 
uoles and nuclear atypia which appears degen- 
erative in nature. 


Figure 3.69. Scattered cells of adenocarcinoma Figure 3.70. Same case as Ficure 3.69 with posi- 
of the prostate with radiation with prominent tive staining for AMACR (rea) and an absence of 
cytoplasmic vacuoles. basal cells, which would be labeled with a brown 


chromogen. 
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Figure 3.71. Adenocarcinoma of the prostate 
with radiation effect consisting of individual 
cells and poorly formed glands with prominent 


cytoplasmic vacuoles and relatively bland nuclei. 


A Gleason score is not assigned. 
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Figure 3.73. Cribriform adenocarcinoma of the 
prostate seen in a biopsy following radiation 
therapy. The cancer looks indistinguishable from 
cancer that has not been irradiated and should 
be graded as Gleason pattern 4. 


Figure 3.72. Adenocarcinoma of the prostate 
with radiation effect where the individual cells 
have abundant cytoplasmic and bland nuclear 
features. Despite the lack of glandular differen- 
tiation, a Gleason score should not be assigned. 


Figure 3.74. Postradiation biopsy with both can- 
cer showing radiation effect (upper right), which 
cannot be graded, and cancer without significant 
radiation changes (lower left), which should be 
assigned a Gleason score the same as for cancer 
that has not been subjected to radiation. 
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POSTCRYOTHERAPY SPECIMENS 


Cryotherapy does not alter the morphology of the cancer if it has not been destroyed 
by the therapy. Consequently, any residual cancer following cryotherapy should be 
assigned a Gleason score. 


POST-HORMONAL THERAPY SPECIMENS 


Typically total androgen blockade is utilized in the setting of metastatic cancer, where 
tissue is usually not obtained for histologic evaluation. However, despite the lack of 
evidence that neoadjuvant hormone therapy improves prognosis, some urologists use 
this therapy if there is going to be a delay of several months between the diagnosis 
of cancer and radical surgery so as to allay any concerns that patients may not have 
received immediate treatment for their tumor. In these cases with hormonal therapy 
prior to radical prostatectomy, there are several different patterns of treatment effect 
in prostate cancer. In some cases, the glands are very atrophic, but either an infiltra- 
tive pattern or prominent cytologic atypia distinguishes them from benign prostate 
glands with atrophy. In these cases with discrete well-formed glands following hor- 
monal therapy, the Gleason score is unaffected by the radiation (Figures 3.75-3.77). 
However, following a response to combination endocrine therapy, the grade of 
the tumor may appear artifactually higher when compared to the grade of the 
pretreated tumor.” One pattern of severe hormone treatment effect consists of 
individual cancer cells with pyknotic nuclei and abundant xanthomatous cyto- 
plasm (Ficures 3.78 and 3.79). In these instances, a grade should not be assigned 
(TABLE 3.3). If there is tumor that does not show significant treatment effect, 
despite the prior history of therapy, then that tumor should be graded in an 
analogous fashion to nontreated cancer. 


Figure 3.75. Atrophic adenocarcinoma following Figure 3.76. Higher magnification of Ficure 3.75 
hormonal therapy, which both pre- and post- showing atrophic cancer glands, some with 
therapy has a Gleason score of 3+ 3 = 6. appreciable nuclear atypia. 
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Figure 3.77. Atrophic adenocarcinoma with Figure 3.78. Adenocarcinoma of the prostate 
well-formed discrete glands following hormonal with severe hormone therapy effect mimick- 
therapy. ing high-grade cancer. The cells have pyknotic 


nuclei and abundant xanthomatous cytoplasm. 
This pattern of post-hormonal therapy tumor 
should not be assigned a Gleason score. 


Figure 3.79. Tumor following hormone therapy 
with pyknotic nuclei and abundant xanthoma- 
tous cytoplasm mimicking Gleason pattern 5 
cancer. Given the severe hormone therapy 
changes, a Gleason score is not given. 
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Finasteride does not consistently alter the histology prostate cancer.” 


However, there are morphologic changes raising the possibility of prior hormonal ther- 
apy in prostate specimens from patients who have not received hormonal therapy.” 
Possible explanations include the following: (1) patients are on some nonprescrip- 
tion medication that has antiandrogenic/estrogenic activity; (2) men have andropause 
with naturally occurring low testosterone levels; or (3) findings that we attribute to 
antiandrogens are not entirely specific. In these cases, it is reasonable for the patholo- 
gist to describe that there are changes suggestive of hormonal therapy effect and that 
the grade of the tumor may be artifactually increased. 


CHAPTER 3: KEY POINTS 


Although cytoplasmic vacuoles are typically seen within Gleason pattern 4 
or 5 cancer, they may also be seen within Gleason pattern 3 tumors. Tumors 
should be graded, as if the vacuoles are not present, by only evaluating the 
underlying architectural pattern. 


In foamy gland cancer, grade the tumor solely based on the underlying archi- 
tecture. Most are Gleason pattern 3, but higher grade tumors exist. 


The grade of ductal adenocarcinomas varies depending on their architec- 
ture: PIN-like morphology—Gleason pattern 3; papillary and cribriform— 
Gleason pattern 4; and duct cancer with comedonecrosis—Gleason pattern 5. 


Evidence supports grading mucinous prostate carcinomas based on the under- 
lying architectural pattern, with most being Gleason pattern 4. 


Adenocarcinomas of the prostate with focal mucinous extravasation should 


be graded based on the underlying architecture of the glands. 


Small cell carcinoma of the prostate should not be assigned a Gleason grade. 


Paneth cell-like neuroendocrine differentiation can be seen in small solid 
nests of cells with bland cytology resembling carcinoid tumors, where strictly 
applying the Gleason grading system one would assign a Gleason pattern 5. 
In these cases, a Gleason score should not be assigned and a comment as to 
the generally favorable prognosis of these lesions could be provided. 


Pseudohyperplastic adenocarcinoma should be graded as Gleason score 


3+3=6. 


Prostate cancers with significant radiation or hormonal treatment effect are 
not assigned a Gleason score. If there is tumor that does not show significant 
treatment effect, despite the prior history of therapy, then that tumor should 
be graded in an analogous fashion to nontreated cancer. 


Cryotherapy does not alter the morphology of the cancer if it has not been 
destroyed by the therapy, and any residual cancer should be assigned a Gleason 
score. 
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PRINCIPLES OF 
GLEASON GRADING 
IN CURRENT PRACTICE 


AND COMPARISON 
OF ORIGINAL AND 
MODIFIED GLEASON 
GRADING SYSTEM 


NEEDLE BIOPSY SPECIMENS 


Different Cores with Different Grades 


In current practice within the United States, a minimum of 10 to 12 cores are sampled 
for the initial biopsy to rule out prostate cancer. In cases where multiple cores are 
positive for cancer, different cores may have a different Gleason grade. What overall 
grade should be assigned to the patient for purposes of treatment and prognosis? This 
issue assumes its greatest importance when one or more of the cores show pure high- 
grade cancer (i.e., Gleason score 4 + 4 = 8) and the other cores show pattern 3 cancer. 
Should the overall grade be the core with the highest grade, or does one assign the 
grade by mentally adding all the cancer together as if it was one long core? Assume a 
case with Gleason score 4 + 4 = 8 on one core with pattern 3 (3 + 3 = 6, 3 +4=7, or 
4 + 3 = 7) on other cores. The “global” score for the entire case, averaging all involved 
needle biopsies together as if they were one long positive core, would be 4 + 3 = 7 or 
3 + 4 = 7 depending on whether pattern 4 or 3 predominated. 

Several studies have demonstrated that in cases with different cores hav- 
ing different grades, the highest Gleason score on a given core correlates better 
with stage and Gleason score at radical prostatectomy than the average or most 
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frequent grade among the cores.'* Additional support for giving cores a separate 
grade rather than an overall score for the entire case is that all of the various tables 
(i.e., Partin tables) and nomograms that have been validated and proven to be prog- 
nostically useful have used the highest core grade in cases where there are multiple 
cores of different grades. Whether the highest grade per core or the overall score is 
used impacts a significant number of cases.’ 

It is therefore incumbent on pathologists to report the grades of each core 
separately as long as the cores are submitted in separate containers or the cores 
are in the same container yet specified by the urologist as to their location (i.e., by 
different color inks). As a consequence, the core with the highest grade tumor can 
be selected by the clinician as the grade of the entire case to determine treatment.®” In 
addition to giving separate cores individual Gleason scores, it is an option for patholo- 
gists to also give an overall score at the end of the case. 

There is no consensus how to grade different cores with different grades 
when the different cores are present within the same specimen container without 
a designation as to site.* For example, there may be two cores of tissue from the left 
base in one jar without further designation or multiple cores divided into contain- 
ers from the left and right side of the gland. In the setting of multiple undesignated 
cores with cancer per container, some urologic pathologists still grade each core sepa- 
rately with the remaining experts in the field giving an overall grade for the specimen 
container. A rationale for the latter approach is that it is implicit that clinicians sub- 
mitting multiple cores together in one container do not value the specific informa- 
tion derived from the cores within a given container. On the other hand, assigning a 
Gleason score to each core even when there are multiple positive cores in a given jar 
provides the most accurate information for patient care.‘ 

In cases with multiple fragmented cores in a jar, only an overall Gleason 
score for that jar can be assigned. For example, diagnosing Gleason score 4 + 4 = 8 
on a tiny tissue fragment where there are other fragments with a greater amount of 
Gleason pattern 3 could be in error; if the cores were intact and the tumor was all on 
one core, it would be assigned a Gleason score 3 + 4 = 7. 


Tertiary Gleason Patterns 


On needle biopsies with patterns 3, 4, and 5, both the primary pattern and the 
highest grade should be recorded, which is a departure from the original Gleason 
grading system.* For example, needle biopsies with predominantly Gleason pattern 
3, lesser amount of Gleason pattern 4, and a tertiary pattern 5 would be recorded as 
Gleason score 3 + 5 = 8. Men with biopsy Gleason score 7 with tertiary pattern 5 have 
a higher risk of PSA failure whether treated with radical prostatectomy or radiation 
therapy when compared to men with biopsy Gleason score 7 without tertiary grade 
5 and have a comparable risk with men with biopsy Gleason scores 8—10.” In cases 
where there are three patterns consisting of patterns 2, 3, and 4, pattern 2 is 
ignored and the biopsy is graded as Gleason score 3 + 4 = 7 or Gleason score 
4 +3 = 7, depending on whether pattern 3 or pattern 4 is more prevalent. 


Reporting Secondary Patterns of Higher Grade When 
Present to a Limited Extent 


High-grade tumor of any quantity on needle biopsy should be included 
within the Gleason score.* Any amount of high-grade tumor sampled on needle 
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biopsy most likely indicates a more significant amount of high-grade tumor 
within the prostate due to the correlation of grade and volume and the problems 
inherent with needle biopsy sampling. Consequently, a needle biopsy with 98% 
Gleason pattern 3 and 2% Gleason pattern 4 should be graded as Gleason 
score 3 + 4=7. 


Reporting Secondary Patterns of Lower Grade When 
Present to a Limited Extent 


In all specimens, in the setting of high-grade cancer, one should ignore lower 
grade patterns if they occupy <5% of the area of the tumor. For example, tumor 
composed of 98% Gleason pattern 4 and 2% Gleason pattern 3 should be graded 
as Gleason score 4 + 4 = 8.° These cases with extensive pattern 4 cancer, where a 
significant amount of tumor is available for examination, should be considered as 
high grade (Gleason score 2 8). The only setting where very limited Gleason pat- 
tern 3 on needle biopsy is factored into the Gleason score is with a millimeter 
or less focus of otherwise Gleason pattern 4 cancer. In the setting of very limited 
cancer on needle biopsy, the few glands of pattern 3 typically occupy over 5% 
of the area of the tumor focus, resulting in a Gleason score 4 + 3 = 7 (FIGURES 
4.1-4.6). Intuitively, this is logical. With limited such cancer on biopsy, there is a 
significant potential of a sampling error with more Gleason pattern 3 likely to be 
present in the prostate. 


Figure 4.1. Small focus of cancer on biopsy. Figure 4.2. In this setting of only a few glands 
Although there are only a few glands of Gleason of Gleason pattern 3 (arrow) with mostly pat- 
pattern 3 (arrow) with mostly pattern 4, Gleason tern 4, Gleason pattern 3 still occupies over 5% 
pattern 3 still occupies over 5% of the area of the area of cancer and the focus should be 
of cancer and the focus should be graded as graded as Gleason score 4 + 3 =7. 


Gleason score 4+ 3 =7. 
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Figure 4.3. Small focus of Gleason score Figure 4.4. Small focus of Gleason score 
4 + 3 = 7 with only a few glands of Gleason pat- 4+ 3 = 7 with only a few glands of Gleason 
tern 3 (arrow) still involving over 5% of the focus. pattern 3 (arrow). 


Figure 4.5. Small focus of Gleason score Figure 4.6. In this presence of only a few glands 
4 + 3 =7 on needle biopsy with only a few of Gleason pattern 3 (arrow) with mostly pat- 
glands of Gleason pattern 3 (arrow). tern 4, Gleason pattern 3 still occupies over 5% 


of the area of cancer and the focus should be 
graded as Gleason score 4 + 3 = 7. 
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RADICAL PROSTATECTOMY SPECIMENS 


Different Nodules Showing Different Grades 


The recommendation of the consensus conference was that one should 
assign a separate Gleason score to each dominant tumor nodule.* This issue 
becomes critical when there is a higher grade peripheral nodule and a lower grade 
(typically in the transition zone) nodule. For example, assume there is a nodule of 
Gleason score 4 + 4 = 8 within the peripheral zone and a Gleason score 2 + 2 =4 or 
2 + 3 = 5 nodule within the transition zone. Occasionally these lower grade transi- 
tion zone tumors may reach relatively sizable proportions although typically they are 
organ-confined.'!'” If one were to assign an overall score considering all of the tumor 
within the prostate as one lesion, the score of such a tumor would be Gleason score 
4 + 2 = 6 or Gleason score 2 + 4 = 6. This Gleason score of 6 would be misleading as 
it is not logical to expect that the presence of a lower grade tumor that is discrete from 
a separate high-grade tumor nodule could in some way mitigate the poor prognosis 
associated with the higher grade tumor nodule. 

In order to grade separate dominant tumor nodules, radical prostatectomy 
specimens should be processed in an organized fashion. This does not necessar- 
ily require serially sectioning and embedding a radical prostatectomy in its entirety. 
Rather, multiple sampling techniques have described how one can subtotally submit 
the prostate yet still maintain orientation in order to distinguish between different 
tumor nodules.'*"!° Most often, the dominant nodule is the largest tumor, which 
is also the tumor associated with the highest stage and highest grade. In the 
unusual occurrence of a nondominant nodule that is the highest grade focus 
within the prostate, the grade of this smaller nodule should also be recorded. 
Typically, in a given prostate, there are only one or at most two dominant nodules. 
Associated small foci of Gleason score 2—6 cancers that often coexist with domi- 
nant tumor nodules need not be graded or mentioned in the report. 


Tertiary Patterns 


There are two settings where a tertiary component is assigned on radical prostatectomy 
specimens. The first is when there is a third component of a Gleason pattern higher than 
the primary and secondary grades, where the tertiary component is visually estimated to 
be <5% of the whole tumor. When the third most common component is the highest 
grade and occupies >5% of the tumor, it is typically recorded as the secondary pattern. 
For example, in a radical prostatectomy tumor nodule with 50% pattern 4, 30% pat- 
tern 3, and 20% pattern 5, most experts would grade as 4 + 5 = 9 given the significant 
component of Gleason pattern 5 despite it being the third most common pattern. 

The second radical prostatectomy setting where tertiary patterns are assigned is in 
cases of Gleason score 3 + 3 = 6 or Gleason score 4 + 4 =8 where Gleason pattern 4/5 
or Gleason pattern 5 is <5%, respectively. In this setting, it is controversial whether 
a Gleason score 3 + 3 = 6 with a very minor (<5%) pattern 4 should be diagnosed 
as Gleason score 3 + 4 = 7 or Gleason score 3 + 3 = 6 with tertiary pattern 4. The 
same could be argued for Gleason score 4 + 4 = 8 with <5% of pattern 5, whether it 
should be graded as Gleason score 4 + 5 = 9 or Gleason score 4 + 4 = 8 with tertiary 
pattern 5. It has been shown that a small amount of pattern 4/5 worsens the prognosis 
of Gleason score 3 + 3 = 6 yet not to the level of Gleason score 3 + 4 = 7. Similarly, 
Gleason score 4 + 4 = 8 with a small amount of pattern 5 does not behave as aggres- 
sively as Gleason score 4 + 5 = 9. McNeal was one of the first to note that increasing 
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percentages of pattern 4/5 were associated with an adverse prognosis.'° We therefore 
recommend assigning a radical prostatectomy Gleason score 3 + 3 = 6 with ter- 
tiary pattern 4 when the Gleason pattern 4 is <5%. In an analogous fashion, in 
cases with <5% pattern 5 where the rest of the tumor is Gleason pattern 4, we 
recommend grading as Gleason score 4 + 4 = 8 with tertiary pattern 5. Grading in 
this manner accounts for the relatively limited amount of higher grade cancer. Radical 
prostatectomy cancers graded as Gleason 3 + 4 = 7 and 4 + 5 = 9 encompass cases with 
a greater (5% to <50%) amount of pattern 4 and 5, respectively. 

In radical prostatectomy specimens, tertiary Gleason patterns are in general asso- 
ciated with higher pathologic stage and biochemical recurrence as compared to the 
same Gleason score cancers without tertiary patterns. "> 

In our studies, the presence of a tertiary higher grade component was associated 
with an increased risk of biochemical recurrence, typically raising the risk of recur- 
rence to a level intermediate between those of cancers without a tertiary component 
in the same Gleason score category and cancers in the next higher Gleason score cate- 
gory. For example, Gleason score 3 + 3 = 6 with tertiary pattern 4 has a prognosis that 
is in between Gleason score 3 + 3 = 6 without tertiary pattern 4 and Gleason score 
3 + 4 = 7. Gleason score 3 + 4 = 7 with tertiary pattern 5 has a prognosis intermedi- 
ate between Gleason score 3 + 4 = 7 without a tertiary pattern 5 and Gleason score 
4 + 3 = 7. The one exception is radical prostatectomy Gleason score 4 + 3 = 7 with 
tertiary pattern 5, which has progression rates more comparable to Gleason score 
8.1 Other studies have found a different prognostic effect of tertiary higher grade 
patterns. For example, Turker et al. demonstrated that Gleason score 6 with tertiary 
higher grade patterns behaved comparable to Gleason score 3 + 4 = 7. They also 
reported that Gleason score 3 + 4 plus tertiary pattern 5, Gleason score 4 + 3 plus 
tertiary pattern 5, and Gleason score 8-10 all had similar prognoses. 

Our most recent study failed to show that adding the tertiary component enhanced 
the predictive value in multivariable analysis factoring in preoperative serum PSA 
levels and pathologic stage, margins, and Gleason grade.” Whittemore et al.” also 
found that the prognostic significance of tertiary pattern 5 in Gleason score 7 tumors 
dropped out in multivariable analysis. Other studies report multivariable analyses yet 
do not factor in key pathologic findings (i.e., stage, margins) to determine whether 
adding tertiary grade patterns at radical prostatectomy adds prognostic information 
to routinely reported parameters.”!” 

In summary, tertiary Gleason patterns are typically associated with higher 
pathologic stage and biochemical recurrence as compared to the same Gleason 
score cancers without tertiary patterns. The relative increase in risk of recur- 
rence associated with tertiary patterns differs between studies. It is currently 
recommended that tertiary grade patterns are noted in the pathology report to 
accurately reflect the grade, although it is questionable whether tertiary grade pat- 
terns add prognostic information to routinely reported parameters (i.e., Gleason 
grades without tertiary pattern, pathologic stage, margins, preoperative serum 
PSA levels). 


Percent Pattern 4-5 


As a modification to the Gleason system, it has been proposed to record the percent- 
age pattern 4/5 both on biopsy and TURP.'%” However, percent pattern 4/5 is only 
very predictive for prognosis in radical prostatectomy specimens at the extremes of 
the percentages. The percent of pattern 4/5 on needle biopsy has also been shown 


CHAPTER4 DESCRIPTIONS AND ILLUSTRATIONS OF GLEASON PATTERNS — VARIANTS 155 


to not correlate well with the percentage of pattern 4/5 in the corresponding radi- 
cal prostatectomy.” It also has not been demonstrated that classifying tumors based 
on the percent pattern 4—5 is more predictive than Gleason scores <6, 3+4, 4+3, 
8, 9-10. Also, assessing the percent of pattern 4 is difficult as patterns 3 and 4 are 
often intimately mixed, although one study found that the interobserver reproduc- 
ibility for this measurement was as good as for the Gleason system.” Percent pattern 
4-5 should not be required or recommended as a method of Gleason grading. 
However, it remains an option if one wants to include this information in addi- 
tion to the routine Gleason score. 


TRANSURETHRAL RESECTION SPECIMENS (TURP) 


Transition zone cancers when studied at radical prostatectomy have in most 
studies been shown to be of lower grade than those in the peripheral zone.” 
In a more current study, there was no difference in Gleason scores between ante- 
rior peripheral zone and anterior transition zone tumors, although both of these 
lesions are likely to be sampled on TURP.” Several studies have shown that radical 
prostatectomy specimens performed for TURP-detected cancer have lower 
Gleason scores than those performed for needle biopsy.” However, a problem 
with older studies examining TURPs is that many of the cases diagnosed in the past 
as Gleason score 2—4 would in today’s practice be graded as Gleason scores 5—6. Of 
454 TURPs graded between 1990 and 1996, 56.5% were graded as Gleason score 
2-4.% When regraded for a 2007 publication, only 1.1% of the cases were graded 
as Gleason score 2—4. Of the 257 TURP cases that were initially graded as Gleason 
score 2—4, the regraded Gleason scores were 2—4 (1.6%), 5-6 (73.5%), 7 (16.3%), 
and 8-10 (8.6%). Another limitation with older studies examining TURPs is that 
prior to serum PSA testing it was not uncommon for large high-grade tumors to be 
detected by TURP. Today, these large higher grade cancers would produce elevated 
pre-TURP serum PSA levels, leading to needle biopsy detection of cancer without a 
TURP being performed. 

In comparing 347 needle biopsies that were regraded using current criteria, 
Berney et al. found that 52.2% of TURP cancers were Gleason score $6 compared to 
34.9% in the needle biopsy specimens. Although there are much fewer diagnoses 
of Gleason score 2-4 on TURPs in today’s practice, TURPs still have overall 
lower grade tumor than seen on needle biopsy specimens. In part because of this 
lower grade, transition zone tumors can reach larger volume without exhibiting extra- 
prostatic extension compared to peripheral zone tumors.*° 


EXTRAPROSTATIC SITES 


Although there are several studies demonstrating that the Gleason score of meta- 
static prostate cancer in pelvic lymph nodes correlates with prognosis, grading 
metastases is not routinely performed.’ When prostate cancer locally invades 
contiguous sites, such as the bladder, it may be reasonable to assign a Gleason 
score, especially if the tumor is high grade, to give further evidence of tumor 
aggressiveness, although there are no studies on this issue. 
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STUDIES COMPARING ORIGINAL AND MODIFIED 
GLEASON SYSTEM 


Inherent Limitations with Comparative Studies 


It is difficult to analyze outcomes comparing the original and modified Gleason sys- 
tem since many of the components of the modified system were used by many experts 
and their institutions prior to the official publication of the newer system in 2005. 
A survey of 67 urologic pathologists from around the world that predated the 2005 
consensus conference provides some information as to what modified Gleason grading 
practices were already in place prior to its formal acceptance in 2005. The majority 
of pathologists (88%) stated that Gleason score 2—4 was only rarely given on needle 
biopsy. Sixty-seven percent of the urologic pathologists replied that poorly formed 
glands were criteria for Gleason pattern 4. In the setting of a needle biopsy with mostly 
pattern 4 and only a few pattern 3 glands, 65% stated that they would assign a grade 
of Gleason score 4 + 4 = 8. In terms of recording grade when different cores had differ- 
ent grades, the results were split with 40% reporting an overall (global) score, 10% the 
highest score, and 46% individual scores for each core.” Many of the studies analyz- 
ing data pre- and post-2005 Gleason grading may have “contamination” of their 
pre-2005 data with grading using some of the modified Gleason system criteria. 


Effect of Modified System on Gleason Score 


The majority of studies have shown that the modified Gleason system results in 
overall higher Gleason scores when compared to the original Gleason system.’ 
Representative data as to the impact of the modified system on the distribution of 
needle biopsy Gleason scores come from the study by Helpap et al. Gleason scores 
2-4 decreased from 2.7% to 0%, Gleason score 5 decreased from 12.2% to 0.3%, 
and Gleason score 6 decreased from 48.4% to 22.0%. In contrast, Gleason score 7 
increased from 25.5% to 67.9%. The upward shift in grades reflects that some of 
the histologic features of Gleason pattern 3 in the original Gleason system are 
now classified as Gleason pattern 4 in the modified Gleason system. For example, 
poorly formed glands and some cribriform glands were considered as Gleason pattern 
3 in the original system yet upgraded to Gleason pattern 4 in the modified system. For 
those institutions where the overall score was recorded, selecting the Gleason score of 
the core with the highest grade would also lead to overall increased grade.’ 


Original and Modified Needle Grade: Correlation with 
Prostatectomy Grade 


Prior to the modified grading system, the agreement between Gleason scores on 
needle biopsy and radical prostatectomy specimens ranged between 28% and 
68% in most studies. With the original system, biopsies undergraded in 24% 
to 60% of cases, while overgrading was less common, occurring in 5% to 32% of 
cases.“ The majority of studies have found that the modified needle biopsy 
grade correlates better with radical prostatectomy grade than does the origi- 
nal Gleason grade system.**'” For example, in Helpap’s study, the agreement 
between Gleason score of the needle biopsies and radical prostatectomy specimens 
with original and modified Gleason grading was 58% and 72%, respectively. 
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Conflicting studies come from Zareba et al. and Veloso et al., which showed no 
significant impact on the biopsy—radical prostatectomy Gleason agreement.”””! 


Original and Modified Needle Biopsy Grade: 
Correlation with Radical Prostatectomy Stage, 
Margins, and Tumor Volume 


Billis et al. demonstrated that the modified Gleason system applied to needle 
biopsy material correlated better than the original system in terms of predicting 
radical prostatectomy tumor volume, stage, and margins of resection. In a large 
cohort of Japanese patients, Naito et al.” validated a nomogram to predict pathologic 
stage using the modified Gleason scoring system on needle biopsy. 


Original and Modified Biopsy and Radical 
Prostatectomy Grade: Correlation with Outcome 


Several studies have demonstrated better correlation between the modified radi- 
cal prostatectomy grade and outcome, compared to the original Gleason system 
grade. Both studies by Uemura et al. and Billis et al. demonstrated that the Gleason 
scores on needle biopsies using the modified but not the original Gleason system cor- 
related with progression after radical prostatectomy.**” Tsivian similarly found that 
the modified Gleason score when analyzed in prognostic grade groups (<7, 7, and 27) 
predicted biochemical recurrence after radical prostatectomy better than the original 
Gleason score groups.” In a large study of 454 transurethral resections and 347 needle 
biopsies, Berney et al. reported significant upgrading of biopsies initially graded from 
1990 to 1996 and then regraded and published in 2007. Whereas the initial grades 
did not correlate with survival outcome, the newly recorded grades did.’ 

Prior studies of radical prostatectomies have reported a small percentage of men 
with biochemical progression after radical prostatectomy showing organ-confined, 
Gleason score 6. One might predict that this should virtually never occur. A study 
from Hopkins reexamined the slides from the serially sectioned and completely 
embedded radical prostatectomy specimens of 38 such men who developed biochem- 
ical recurrence. In 20 of the cases that were assigned an original Gleason score of 6, 
on review, they were Gleason score 7 using the modified Gleason scoring system. 
This study demonstrates the advantage of the modified system, where organ- 
confined Gleason score 6 tumor at radical prostatectomy using the modified 
updated Gleason score is virtually always curable. In contrast, using the original 
Gleason grading system, this is not the case where there is a risk of recurrence.” 

In the only study favoring the original over the modified Gleason system, 
Delahunt et al.” reported that the original Gleason grading system outperformed the 
modified system in predicting PSA nadir following external beam radiotherapy and 
hormone therapy. However, PSA nadir is not currently considered the best endpoint 
to predict failure following radiotherapy. 


SUMMARY 


Although to date the number of studies is limited, the preponderance of evi- 
dence supports that the modified Gleason scoring system is superior to the origi- 
nal Gleason score in numerous outcome measures. 
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CHAPTER 4: KEY POINTS 


Needle Biopsy Grade 


In cases with different cores having different grades, the highest Gleason score 
on a given core correlates better with stage and Gleason score at radical pros- 
tatectomy than the average or most frequent grade among the cores. 


The grades of each core should be graded separately as long as the cores are 
submitted in separate containers or the cores are in the same container yet 
specified by the urologist as to their location (i.e., by different color inks). 


In cases with multiple fragmented cores in a jar, only an overall Gleason score 
for that jar can be assigned. 


On needle biopsies with patterns 3, 4, and 5, both the primary pattern and 
the highest grade should be recorded. 


In cases where there are three patterns consisting of patterns 2, 3, and 4, 
pattern 2 is ignored. 


High-grade tumor of any quantity on needle biopsy should be included 
within the Gleason score. 


In the setting of high-grade cancer on biopsy, one should ignore lower grade 
patterns if they occupy <5% of the area of the tumor. 


Radical Prostatectomy Grade 


In a radical prostatectomy specimen, one should assign a separate Gleason 
score to each dominant tumor nodule. 


Most often, the dominant nodule in a radical prostatectomy specimen is the 
largest tumor, which is also the tumor associated with the highest stage and 
highest grade. In the unusual occurrence of a nondominant nodule that is 
the highest grade focus within the prostate, the grade of this smaller nodule 
should also be recorded. 


Associated small foci of Gleason score 2—6 cancer that often coexist with 
dominant tumor nodules in a radical prostatectomy specimen need not be 
graded or mentioned in the report. 


In a radical prostatectomy specimen, a tertiary grade component is noted 
when the third component of a Gleason pattern higher than the primary and 
secondary grades, where the tertiary component is visually estimated to be 
<5% of the whole tumor. When the third-most common component is the 
highest grade and occupies >5% of the tumor, it is typically recorded as the 
secondary pattern. 


There is evidence supporting reporting cases as Gleason score 3 + 3 = 6 with 
tertiary pattern 4 or 4 + 4 = 8 with tertiary pattern 5, when patterns 4 and 5, 
respectively, occupy <5% of the tumor. 
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e The presence of a tertiary higher grade component is associated with an 
increased risk of biochemical recurrence, typically raising the risk of recur- 
rence to a level intermediate between those of cancers without a tertiary com- 
ponent in the same Gleason score category and cancers in the next higher 
Gleason score category. 


e Transition zone cancers tend to be of lower grade than those in the peripheral 
zone. 


Grading Metastatic Prostate Cancer 


e Grading metastases is not routinely performed. However, when prostate can- 
cer locally invades contiguous sites, such as the bladder, it may be reasonable 
to assign a Gleason score, especially if the tumor is high grade. 


Comparisons of Original and Modified Gleason Grades 


e The majority of studies have shown that the modified Gleason system results 
in overall higher Gleason scores when compared to the original Gleason 
system. 


e The majority of studies demonstrate that the modified needle biopsy grade 
correlates better with radical prostatectomy grade than does the original 
Gleason grade system. 


Several studies have demonstrated better correlation between the modified 
radical prostatectomy grade and outcome, compared to the original Gleason 
system. 
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GRADING ACCURACY 


BIOPSY GRADING ERROR: SPECIALIST VERSUS 
GENERALIST 


In order to determine if there has been an error in grading a needle biopsy, two com- 
parisons are needed. The first is to compare grades assigned by generalists to biopsies 
that are then reviewed by a recognized expert in prostate cancer pathology. Second, 
to establish evidence that the grade assigned by the expert is more accurate, it is 
necessary to see whether the expert’s grade on biopsy correlates better than the gen- 
eralist’s grade with the corresponding radical prostatectomy grade and stage. There 
have been several studies showing that the needle biopsy and radical prostatec- 
tomy grades more closely match when graded by urologic as opposed to general 
pathologists.'~ 


STUDIES COMPARING GENERAL PATHOLOGISTS TO 
UROPATHOLOGISTS 


There have been several studies performed at The Johns Hopkins Hospital compar- 
ing the grading of prostate needle biopsies between general and expert pathologists. 
Three hundred ninety needle biopsy specimens from 1994 were first graded at an 
outside institution and then at Hopkins. Using grade groups 2—6, 7, and 8-10, 
there was 79% agreement. In this study, 22% of cases were graded on the outside 
as Gleason score 2-4 compared to 1.4% at Hopkins.‘ In a later study from 2002 
to 2003 encompassing 1,455 needle biopsy specimens, there was 83% agreement 
between Hopkins and the outside grades using the same grade grouping; only 1.6% 
of outside biopsies were graded as Gleason score 2—4 with none at Hopkins.° This 
agreement included 87.1% for Gleason scores 5—6, 68.1% for Gleason score 7, 
and 35.1% agreement for Gleason scores 8—10. In the latest study from Hopkins 
on 844 needle biopsy cases in men scheduled for radical prostatectomy in 2008, 
agreement between the outside and Hopkins grade was in 85.3% of the cases, of 
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Correlation between Gleason Score on Hopkins Biopsy and Outside Biopsy 


Hopkins Biopsy Outside Biopsy Gleason Score 
Gleason Score 

6 7 8-10 Total 
6 476 (93%) 36 (7%) 0 512 
7 44 (16.4%) 204 (75.8%) 21 (7.8%) 269 
8-10 2 (3.2%) 21 (33.3%) 40 (63.5%) 63 
Total 522 261 61 844 


which 57 (46.0%) were upgraded and 67 (54%) were downgraded (Taste 5.1).7 
These agreement rates may not be generally applicable to all biopsies, as men who 
are scheduled for radical prostatectomy have a more restricted range of grades. 

Studies from other institutions have found similar results. In a 2006 study from 
the United Kingdom analyzing Gleason grade groups 2—4, 5—6, 7, and 8-10, general 
pathologists were within +1 grade group of the urologic pathologists’ consensus score 
in 83% of needle biopsy cases.* Looking at needle biopsies combined into Gleason 
scores 6,3+4=7,4+3=7,4+4=8, and 4 + 5 = 9 from 2005 to 2009, a study from 
Truesdale et al. found 79% agreement between the outside grades and review by 
urologic pathologists. In summary, there is approximately a 20% grading discrep- 
ancy between general pathologists and expert review on needle biopsy, which can 
impact therapy (see Chapter 6). 

Several factors have been shown to contribute to less accurate grading. There is 
lower accuracy among general pathologists who diagnose fewer cases per year, 
are older, or have not learned about Gleason grading from a course or meet- 
ing.*'' In general, there is a tendency for general pathologists to undergrade 
more than overgrade.*? Several studies have demonstrated an improvement of grad- 
ing accuracy following a grading tutorial. %13 

Similar grading errors have been noted with radical prostatectomy speci- 
mens with 30% disagreement in the grades assigned by uropathologists and gen- 
eral pathologists." In 75% of the cases with discordant grades, there was upgrading 
by the uropathologists. 


UNDERGRADING OF GLEASON PATTERN 5 ON 
BIOPSY 


There is a tendency for general pathologists to underdiagnose Gleason pattern 
5 on needle biopsy. In two separate studies, Gleason pattern 5 was not reported 
by general pathologists in 50% of needle biopsy specimens compared to an 
expert review. In particular, Gleason pattern 5 was underdiagnosed when it was the 
secondary pattern. Of the various morphologies of Gleason pattern 5, the only situ- 
ation where it was more routinely recognized was with solid sheets as the primary 
pattern.'°!” 


CHAPTER5 GRADING ACCURACY 


Improvement of Grading Accuracy over Time 


There is evidence that grading by generalists has become more accurate over 
the last 10 to 15 years. Whereas the discrepancy between the generalists’ and 
experts’ needle biopsy grade was 38% in a 1994 study from Hopkins, the discrep- 
ancy was reduced to 18.1% in 2002 to 2003.'* This improvement over time is 
likely due, at least in part, to sustained efforts in the pathology community toward 
improving Gleason grading in the last decade. Specifically endeavors such as mul- 
timedia specialty courses at local and national meetings, online didactic Web sites/ 
atlases, and dissemination of literature may have had a role in producing these 
results. 


CORRELATION OF NEEDLE BIOPSY AND RADICAL 
PROSTATECTOMY GRADE 


Limitations of Studies in the Literature 


Numerous studies have assessed the correlation of Gleason score at needle biopsy with 
that of the corresponding radical prostatectomy.’ Many of these studies suffer from 
limited case numbers, suboptimal sextant biopsy sampling, incomplete sampling of 
the radical prostatectomy, and the assessment of men with more advanced disease 
than seen in the current era. There is also marked variability in how Gleason scores 
are grouped to determine upgrading and downgrading from biopsy to radical pros- 
tatectomy, which makes comparisons and assessment of data difficult (TABLE 5.2). 
Many of these studies also combined Gleason scores into groups that, while techni- 
cally resulting in upgrading or downgrading, did not give rise to upgrading or down- 
grading that was clinically relevant. For example, in some studies included in the 
incidence of upgrading was an upgrade from needle biopsy Gleason score 5 to radical 
prostatectomy Gleason score 6, where there is no difference in prognosis or therapeu- 
tic implications.'* 


Concordance of Johns Hopkins Needle and Radical 
Prostatectomy Grade 


At The Johns Hopkins Hospital, several large studies have assessed the correlation 
of core biopsy and radical prostatectomy grades. For purposes of comparability, data 


Co 


Various Gleason Grade Groupings in the Literature 


2-4; 5-6; 7; 8-10 

2-6; 7; 8-10 
6;3+4=7;4+3=7; 8-10 
6;3+4=7;44+3=7;8;9; 10 

2; 3;4;5;6;3+4=7;44+3=7;8;9 
3; 4; 5; 6; 7; 8; 9; 10 
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have been reanalyzed combining Gleason scores into the following groups: Gleason 
scores 2-6, 7, and 8-10. In the earlier 1994 study of 499 men, there was only a 
66.9% agreement between needle biopsy and radical prostatectomy Gleason score.‘ 
In a study of almost 1,500 men who underwent radical prostatectomy at Hopkins in 
2002 to 2003, the agreement increased to 75.9%.! 

This most recent evaluation improves upon prior works on this issue by 
(1) accounting for the updated Gleason system in both the needle biopsy and RP, 
(2) reporting radical prostatectomy higher tertiary grade patterns, (3) including 
only cases with extended needle biopsy sampling, and (4) including radical pros- 
tatectomy specimens that were histologically examined in their entirety.'? Even 
within the single Gleason score of 7, a radical prostatectomy Gleason score 
4 + 3 = 7 has a worse prognosis than Gleason score 3 + 4 = 7. Despite sam- 
pling issues, Gleason score 4 + 3 = 7 on needle biopsy is associated with increased 
pathologic stage and progression after radical prostatectomy, even when the num- 
ber of positive cores are accounted for.” Most studies lack sufficient numbers 
of patients with Gleason scores 9-10 so that they are combined together 
as Gleason scores 8—10. However, it has been demonstrated that men with 
Gleason score 8 tumors at needle biopsy and radical prostatectomy have a 
32% to 35% estimated risk of biochemical recurrence at 5 years, respectively. 
There is a precipitous drop in predicted cure for men with Gleason score 
9-10 cancers at biopsy or radical prostatectomy, where 65% are predicted to 
biochemically recur at 5 years.*° 

It is most accurate to group Gleason scores into the following five prog- 
nostically homogeneous categories: 2-6, 3 + 4 = 7, 4 + 3 = 7, 8, and 9-10.” As 
seen in TABLE 5.3, 36.3% of cases were upgraded from a needle biopsy Gleason 
score 6 to a higher grade at radical prostatectomy. Approximately 50% of the 
cases had matching Gleason score 3 + 4 = 7 at biopsy and radical prostatectomy 
with an approximately equal smaller number of cases downgraded to Gleason 
score 6 or upgraded to Gleason score 4 + 3 = 7 at radical prostatectomy. When 
the biopsy was 4 + 3 = 7, there was an almost equal split between 3 + 4 = 7 and 
4 + 3 =7 at radical prostatectomy. A biopsy of Gleason score 8 led to an almost 
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Radical Prostatectomy Grades Stratified by Biopsy Gleason Scores 


Biopsy Gleason Score (GS) 3 + 3 = 6 


RPGS No. % 
3+3=6 3,230 (63.7%) 
IFFT 567 (11.2%) 
3+4=7 946 (18.7%) 
3+4+T 70 (1.4%) 
4+3=7 152 (3.0%) 
4+34+T 47 (0.9%) 
GS 8 26 (0.5%) 
GS8 + T 11 (0.2%) 
GS 9-10 22 (0.4%) 


Total 5,071 (100%) 


RPGS 
3+3=6 
3+ 347 
3+4=7 
34+44+T 
4+3=7 
4+3+T 
GS 8 
GS8+T 
GS 9-10 
Total 


RPGS 

3+3=6 
34+34+T 
3+4=7 
34:44 7 
4+3=7 
4+3+T 
GS 8 

GS8 + T 
GS 9-10 
Total 


RPGS 

3+3=6 
34+34+T 
3+4=7 
34+44+T 
4+3=7 
4+3+T 
GS 8 

GS8 + T 
GS 9-10 
Total 


RPGS 

3+3=6 
34+3+T 
3+4=7 
34+44+T 
4+3=7 
4+3+T 
GS 8 

GS8 + T 
GS 9-10 
Total 


Biopsy Gleason Score (GS) 3 + 4 = 7 
No. 
190 
196 


19 
1,577 


Biopsy Gleason Score 4 + 3 = 7 


33 
615 


Biopsy Gleason Score (GS) 8 


47 
261 


Biopsy Gleason Score (GS) 9-10 
No. 


NO => On fH Ff 
“j 


oN 
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RP, Radical prostatectomy; GS, Gleason score; T, Tertiary higher grade pattern. 


% 
(12.0%) 
(12.4%) 
(49.7%) 
(4.7%) 
(12.8%) 
(5.3%) 
(1.6%) 
(0.3%) 
(1.2%) 
(100%) 
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equal distribution between radical prostatectomy Gleason scores 4 + 3 = 7, 8, 
and 9-10. Fifty-eight percent of the cases had matching Gleason scores 9-10 at 
biopsy and radical prostatectomy. 


Incidence of Upgrading at Radical Prostatectomy 
from Biopsy Gleason Score 6 (Meta-analysis of the 
Literature) 


In reviewing the literature to determine the incidence of upgrading, some of the 
above-mentioned deficiencies have been minimized by analyzing only series look- 
ing at the incidence of upgrading from biopsy Gleason score <6 to radical prosta- 
tectomy Gleason score >7 with a minimum of 100 cases, where the cases studied 
ranged from 1992 to present. Of the 23 studies that fit these criteria, upgrad- 
ing from needle biopsy to radical prostatectomy was seen in 4,614/13,163 
(35%) of the cases with a mean of 36% and median of 35.5% (range: 14% to 
51%). 1831-45 


Incidence of Downgrading at Radical Prostatectomy 


There are fewer studies looking at the incidence of downgrading from biopsy to 
radical prostatectomy. Five studies have looked at downgrading from Gleason 
scores 8-10 to <7 with results of 29%, 34.8%, 40%, 45.8%, and 56%.°74041-43.% 
In the most recent study from Hopkins, 44.9% of Gleason score 8 biopsies had 
lower grade at radical prostatectomy. In cases with biopsy Gleason scores 9-10, 
only 15.7% had radical prostatectomy grades <7." Moussa et al.’ recorded a 
7.3% incidence of downgrading from Gleason score 3 + 4 = 7 to Gleason score 
6. In the most recent Hopkins study, 12.0% of cases diagnosed as 3 + 4 = 7 on 
biopsy had Gleason score 6 at radical prostatectomy." One explanation for these 
cases is that tangentially sectioned small glands of pattern 3 on biopsy were over- 
graded as pattern 4. Alternatively, in some cases, the assigned biopsy grade may 
have been accurate with such small foci of Gleason pattern 4 in the radical pros- 
tatectomy that it was either not recorded or unsampled deeper within the paraffin 
block. In cases with borderline Gleason score 6 versus Gleason score 3 + 4 = 7 
on biopsy, it is probably better to diagnose the case as Gleason score 6 since 
potential undergrading due to sampling error is more acceptable than over- 
grading due to grading error. 


Increased Correlation of Needle Biopsy and Radical 
Prostatectomy Grade over Time 


In a study of 1,363 men who underwent radical prostatectomy between 1992 and 
2006, there was an exact agreement between needle and radical prostatectomy grade 
in 69% of men. The agreement improved from 58% in cases done between 1992 
and 1996 to 66% in cases from 1997 to 2001 to 75% in cases performed from 2002 
to 2006.“ There are many possible explanations for the increased correlation of 
needle biopsy and radical prostatectomy grade over time including (1) improved 
accuracy of grading; (2) increased incidence of lower grade tumors; and (3) more 
extensive needle biopsy sampling. 


CHAPTER5 GRADING ACCURACY 


Explanations for Grading Discrepancies 


Specific examples of issues leading to grading error on limited needle biopsy are illus- 
trated in Chapter 2. It has been demonstrated that there are higher concordance 
between needle biopsy and radical prostatectomy grade in institutions with higher 
radical prostatectomy volume and in tertiary centers.*°*”*” Even in cases where grad- 
ing error is at a minimum, there are other explanations for discrepancies between 
needle biopsy and radical prostatectomy. 


Grading Continuum 


One source of grading discrepancy between needle and radical prostatectomy 
grade is that the differences between different Gleason patterns are on a con- 
tinuum. For example, it can be subjective whether there are small glands of pattern 
3 or poorly formed glands of pattern 4. Similarly, it may be a judgment call whether 
there are very poorly formed glands of pattern 4 as opposed to pattern 5 with barely 
appreciable glandular differentiation. 


Sampling Error 


Another source of discrepancy is needle biopsy sampling error. The most com- 
mon sampling error occurs when a higher grade component present in the radical 
prostatectomy is missed on the needle biopsy resulting in undergrading on the needle 
biopsy. Alternatively, a very focal high-grade component may not be identified in the 
radical prostatectomy report when the high-grade component remains deeper within 
a paraffin block and not sectioned onto glass slides (only a 5 um section is placed on 
a slide for every 3 mm of tissue within a paraffin block). 


Not Accounting for Tertiary Component 


A needle biopsy can also sample a tertiary higher grade component in the radical 
prostatectomy, which is then not recorded in the standard Gleason score reporting, 
resulting in apparent overgrading on the needle biopsy. At Johns Hopkins, 17.5% of 
radical prostatectomies have a tertiary component, which significantly impacts 
prognosis.” This is a critical issue that other articles analyzing the relation- 
ship between biopsy and radical prostatectomy Gleason score do not account 
for.“ Several scenarios with biopsy:radical prostatectomy grade comparisons can be 
impacted by the radical prostatectomy tertiary grade. In our recent study, 11.2% of 
cases had Gleason score 6 on biopsy with Gleason score 6 + tertiary higher grade 
at radical prostatectomy.” If the tertiary pattern was not noted, these cases would 
be considered an exact agreement that is not correct. 12.4% and 3.6% of cases had 
biopsy Gleason score 3 + 4 = 7 and Gleason score 4 + 3 = 7, respectively, with Gleason 
score 6 + tertiary higher grade at radical prostatectomy. If the tertiary patterns were 
not recorded, the explanation would have been overgrading of the biopsy as opposed 
to the biopsy sampling a small component of Gleason pattern 4. Similarly, a total 
of 18.5% of cases with biopsy Gleason score 9-10 had radical prostatectomy with 
GS3 + 4 or GS4 + 3 with tertiary pattern 5; these cases would have been explained 
as due to pathology undergrading the biopsy had the tertiary pattern 5 in the radical 
prostatectomy not been recorded. 
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Predictors of Upgrading and Downgrading from 
Biopsy to Radical Prostatectomy 


In an attempt to predict which biopsy Gleason scores are more likely to be upgraded 
or downgraded at radical prostatectomy, studies have looked at various preoperative 
clinical and pathologic variables. Most studies have focused on predicting upgrading. 


Needle Biopsy Sampling 

Sampling is a well-established predictor of upgrading.” Numerous studies have 
demonstrated that extended biopsies, whether 210 or 12 cores, are associated 
with less upgrading than sextant biopsies. This is less an issue in the current era, as 
extended biopsies are standard of care. There is even less upgrading with saturation 
biopsies.” 


Age and Clinical Stage 

Age in almost all studies has not been not predictive of upgrading. 
a study from Hopkins, although strongly statistically significant (possibly due to the 
large number of cases studied), the mean difference between those with and without 
upgrading was only 1.6 years (TABLE 5.4). ° In almost all prior studies, clinical 
stage was also not predictive, and in the few studies where it was predictive, it 
was only weakly so.*!°?“?“*! The findings in the Hopkins study differed in univari- 
ate analysis with almost doubling and tripling the risk of upgrading from clinical stage 
Tic to T2a and from T1c to T2b or higher, respectively (TABLE 5.4). However, in the 
various multivariate analyses performed, stage lost its predictive power. 


33,40,42-44,51 In 


Serum PSA 

In approximately three-quarters of prior studies, serum PSA levels have 
correlated with upgrading, although in several studies the relationship was 
weak, '8:31-33:35.36,38.40,42-45,50,51 An example of the correlation of serum PSA level and 
upgrading from the Hopkins study is illustrated in Taste 5.4." The relationship 
with serum PSA level and upgrading in most studies has held up in multivariate 
analyses. One study in the literature has demonstrated a relationship between per- 
cent free PSA and upgrading.® Another report revealed no relationship between 
PSA velocity and upgrading.** 


Prostate Size 

Enlarging prostate size has been associated with less upgrading in about 70% of 
publications on this issue.?™3451-53 For example, Serkin et al. reported upgrading 
in 33.7%, 29.2%, 23.1%, and 17.4% of prostates with weights of <20 g, 21 to 40 g, 
41 to 60 g, and >60 g, respectively.” In the Hopkins study, although there was pro- 
gressively less upgrading with increasing prostate size up to 75 g, the most dramatic 
decrease in upgrading was seen in very large prostates over 75 g’? (TABLE 5.4). As 
expected, given the relationship between increased serum PSA levels and decreased 
weight with upgrading, PSA density has been shown to be even more correlated with 
upgrading than PSA alone.** 


Cancer Extent on Biopsy 

The relationship between increasing extent of cancer on biopsy and increased upgrad- 
ing has been less consistent, with approximately 50% of the articles demonstrating 
a relationship .31939963934.5051.54 For example, Hong et al.” reported that the risk of 
upgrading was 70.4% if 22 cores were involved as opposed to 29.6% with only 1 pos- 
itive core. The median maximum percent of tumor per core was 22.2% and 12.1% 
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Table 5.4 


Relation of Preoperative Clinical and Pathologic Parameters with 
Gleason Score Group Upgrading from Biopsy Gleason Score 6 to 
Gleason Score >6 at Radical Prostatectomy 


Variables Upgrade No Upgrade p-value 
(N = 1,841) (N = 3,230) 

Age 

Median (range) 59.0 (36.0-77.0) 57.0 (34.0-79.0) 

Mean (std) 58.7 (6.4) 57.0 (6.5) <0.0001 

Pre-PSA 

Median (range) 5.1 (0.5-97.2) 4.5 (0.2-43.1) 

Mean (std) 6.1 (4.4) 5.0 (3.1) <0.0001 

No. positive core 

Median (range) 2.0 (1.0-12.0) 2.0 (1.0-12.0) 

Mean (std) 3.0 (2.2) 2.4 (1.8) <0.00001 

Max % 

cancer/core 

Median (range) 40.0(1.0-100.0) 25.0 (1.0-100.0) 

Mean (std) 43.6 (29.2) 33.7 (26.7) <0.0001 

Pathology weight 

(continuous) 

Median (range) 47.3 (11.7-198) 50.7 (12.2-254.0) <0.0001 

Mean (std) 50.4 (16.6) 55.9 (22.0) 

Pathology 

weight (%) 

<25 g 20 (43.5%) 26 (56.5%) 

26-50 g 967 (42.4%) 1313 (57.6%) <0.0001 

51-75 g 597 (37.3%) 1005 (62.7%) 

>75g 257 (22.5%) 886 (77.5%) 

Clinical stage (%) 

Tiç 1,110 (29.4%) 3667 (70.6%) 

T2a 240 (23.5%) 779 (76.5%) 0.006 

>T2b 105 (30.9%) 235 (69.1%) 


GS, Gleason score; RP, radical prostatectomy; std, standard deviation. 


for cases with upgrading and no upgrading, respectively. Both the number of positive 
cores and the maximum percent of cancer per core were predictive of upgrading in 
the Hopkins study (Taste 5.4).”” 


Perineural Invasion 

Three studies have assessed the relationship of finding perineural invasion on 
needle biopsy and upgrading at radical prostatectomy with all demonstrating a 
correlation.’ 
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Imaging 

Relatively few studies have been performed analyzing findings on imaging and the 
risk of upgrading. Hong et al. reported that the presence of a hypoechoic lesion on 
transrectal ultrasound (TRUS) was not predictive of upgrading.’ Similarly, Fradet 
et al. showed that TRUS and MR spectroscopy were not significant in determin- 
ing upgrading. These authors did find that if cancer was suggestive on routine MRI 
there was an increased risk of upgrading from a biopsy Gleason score 6 to a radical 
prostatectomy Gleason score 7.” Apostolos et al. found that with—three to six core 
sampling with TRUS biopsy guided by endorectal MRI there were relatively low inci- 
dences of upgrading (8.5%) and downgrading (1.4%).°° Additional larger studies are 
needed to clarify the role of imaging to improve biopsy grading accuracy. 


Multivariate Analysis and Nomograms 

Depending on the study, there are different predictors of upgrading and downgrad- 
ing. In the Hopkins study, models were developed for predicting upgrading from 
Gleason score 6 on biopsy to >6 at radical prostatectomy since different clini- 
cal scenarios could be impacted depending on each situation (see Chapter 6) 
(TABLE 5.5).!° A multivariate model was also constructed to assess what factors 
independently predict downgrading from biopsy Gleason score 3 + 4 = 7 to radi- 
cal prostatectomy Gleason score 6 (TABLE 5.5). 

Nomograms have been derived from multivariate analyses to calculate the 
risk of upgrading. One of the earliest nomograms is by Chun et al., factor- 
ing in serum PSA level, clinical stage, and biopsy Gleason score (FIGURE 5.1).°! 
The higher the PSA and clinical stage, the higher the risk of upgrading. The lower 
the primary or secondary Gleason patterns, the higher the risk of upgrading. The 
latter is intuitive. For example, almost all biopsies graded as Gleason score 2—4 have 
higher grade at radical prostatectomy. Conversely, if there is Gleason scores 9-10 on 
biopsy, there can be no risk of upgrading at radical prostatectomy. More complex 
upgrading nomograms have subsequently been proposed (Figure 5.2).*° Although 
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Multivariate Analyses Predicting Upgrading and Downgrading 


A. Prediction of Upgrading from Biopsy GS6 to GS > 6 at RP (n = 2,688) 


Variable OR (95% Cl) p-value 
Age (y) 1.057 (1.044, 1.069) <0.0001 
PSA (ng/mL) 1.113 (1.104, 1.163) <0.0001 
Maximum % cancer/core 1.010 (1.008, 1.013) <0.0001 
Pathology weight 0.976 (0.972, 0.981) <0.0001 


c-index of overall model: 0.685 


B. Prediction of Downgrading from Biopsy GS3 + 4 = 7 to GS6 at RP (n = 943) 


Variable OR (95% Cl) p-value 
PSA (ng/mL) 0.930 (0.870, 0.993) 0.031 
Maximum % cancer/core 0.989 (0.983, 0.996) 0.002 
Pathology weight 1.010 (1.001, 1.019) 0.019 


c-index of overall model: 0.629 


OR, odds ratio; Cl, confidence interval; c-index, concordance index. 
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Figure 5.1. Chun nomogram predicting Gleason sum upgrading 
between biopsy and RP. (Reproduced from Chan TY, Partin AW, Walsh 
PC, et al. Prognostic significance of Gleason score 3+4 versus Gleason 
score 4+3 tumor at radical prostatectomy. Urology 2000;56:823--827, 
with permission.) X, Gleason; Pri, Primary biopsy Gleason score; BX 
Gleason Sec, Secondary biopsy Gleason score; P(Upgrade), probability 
of biopsy Gleason sum upgrading. To obtain nomogram predicted prob- 
ability of biopsy upgrading, locate patient values at each axis. Draw a 
vertical line to the “Point” axis to determine how many points are attrib- 
uted for each variable value. Sum the points for all variables. Locate the 
sum on the “Total Points” line to be able to assess the individual prob- 
ability of biopsy Gleason sum upgrading on the “P(Upgrade)” line. 
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Figure 5.2. Moussa nomogram predicting 
Gleason sum upgrading between biopsy and 
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at a superficial glance, these more involved nomograms would appear to be an 
improvement over those factoring in only a few variables, there are some reservations 
with their utility. Nomograms, such as in Figure 5.2, include not only variables that 
were significant in multivariate analysis but also those that were not. Consequently, 
some of the factors contribute negligibly to the model. For example, in FIGURE 5.2, 
the most points that various number of cores sampled can contribute to the model are 
trivial compared to more powerful predictors such as serum PSA, prostate volume, 
and clinical stage. 

A few studies have sought to validate existing nomograms. Inamoto et al. showed 
that the correspondence between the actual Chun nomogram (when you take a new 
set of patients’ variables and see if there is upgrading) and the ideal nomogram was 
not always within a 10% degree of error. Capitanio et al. found that the overall accu- 
racy of the Chung nomogram was 74.9%. The model tended to underestimate the 
observed rate of upgrading; the discordance between the predicted and observed rate 
of upgrading ranged from -7 to +10%.® In the recent Hopkins study, despite the 
large sample sizes, the discriminative power of the various models was somewhat 
modest, with all concordance index values lower than 0.70.” Thus, although we 
had planned on deriving nomograms to predict upgrading and downgrading, 
it was considered that their predictability for individual patients would not be 
sufficiently accurate for clinical use. 


Prognosis of Upgrading 


It is no surprise that cases where there is upgrading from needle biopsy to radi- 
cal prostatectomy have more advanced disease at radical prostatectomy and 
an increased risk of biochemical recurrence compared to cases where there is 
no upgrading. There are conflicting studies whether upgrading from a biopsy 
Gleason score 6 to Gleason score 7 at radical prostatectomy is worse than 
cases where both the biopsy and radical prostatectomy are Gleason score 7.“ 
In another study, some situations with upgrading (i.e., 3 + 3 upgraded to 3 + 4; 
3 + 4 upgraded to 4 + 3) the prognosis at radical prostatectomy was the same as cases 
with concordant tumors of the higher grade. However, in other circumstances (i.e., 
3 + 3 upgraded to 4 + 3; Gleason 7 upgraded to >7), the prognosis was intermediate 
between concordant tumors of the lower and higher grade.°° 


Interobserver Reproducibility 


The typical method of reporting levels of agreement is by a kappa score. 
Kappa scores of 0.00 to 0.20 reflect slight agreement, 0.21 to 0.40 fair agree- 
ment, 0.41 to 0.60 moderate agreement, 0.61 to 0.80 substantial agreement, 
and 0.81 to 1.00 almost perfect agreement. The latter is virtually never seen 
in clinical practice regardless of the issue being studied. TABLE 5.6 summarizes 
studies that have looked at the interobserver agreement of grading prostate cancer 
on needle biopsy, where kappa statistics have been provided. The mean kappa 
among the needle biopsy studies with general pathologists was at the low- 
est end of moderate agreement (0.41), whereas it was at the highest end of 
moderate agreement (0.59) for urologic pathologists. The range among the 
studies was fair to moderate agreement for general pathologists versus moderate 
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| Table 5.6 | 5.6 


Interobserver Agreement on Grading Prostate Cancer 


Author #Pathologists Specimen Specialty # Cases Kappa Score 
Lessels 12 Needle G 100 0.45 
Allsbrook 41 Needle G 38 0.44 
Oyama 8 Needle G 37 0.44-0.49 
Griffiths 24 Needle G 20 0.33 
Veloso 3 Needle G 110 0.36 
Mikami 91 Needle G 16 0.43-0.44? 
Mikami 91 Needle G 16 0.67-0.68° 
Ten Kate 5 RP G 50 0.30 
Rodriguez- 4 Needle GU 50 0.54 
Urrego 

Helin 3 Needle GU 62 0.55-0.62 
Allsbrook 10 Needle GU 46 0.56-0.70 
Griffiths 8 Needle GU 20 0.62 
Glaessgen 4 RP GU 69 0.52-0.66 


aPretutorial by genitourinary pathologists. 
»Posttutorial by genitourinary pathologists. 
G, General pathologists; GU, Genitourinary pathologists; #, Number of. 


to substantial for urologic pathologists. These numbers represent data from the 
United States, Europe, and Japan with similar results. Similar results in terms 
of reproducibility have been achieved comparing routine slides and whole slide 
digital imaging.” 

Interobserver grading reproducibility has also been done using tissue microarrays, 
although these are not as applicable to actual practice.°*® There are much more lim- 
ited data in terms of interobserver reproducibility with grading radical prostatectomy 
specimens, with studies also showing more agreement among urologic pathologists as 
opposed to general pathologists. There are no comparable studies with kappa statis- 
tics that have restricted the analysis of interobserver reproducibility to transurethral 
resection specimens. Interobserver reproducibility of percent Gleason pattern 4/5 on 
needle biopsy and radical prostatectomy is at least as good as that of Gleason score.”””! 
Several studies have demonstrated that grading tutorials can improve interobserver 
reproducibility. "7? 

Among urologic and general pathologists, major problem areas of noncon- 
sensus are (1) low-grade tumors; (2) cases with small cribriform glands; (3) defi- 
nition of fused glands; (4) cases borderline between 2 grades; (5) differentiating 
tangential sections of Gleason pattern 3 glands versus poorly formed glands of 
Gleason pattern 4; and (6) cases with cancer present on multiple cores.*’*”° With 
subsequent modifications to the Gleason system, where Gleason score 2—4 is not 
assigned to needle biopsy and all cribriform glands are considered as Gleason pattern 
4, some of these difficulties may be resolved. 
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CHAPTER 5: KEY POINTS 


Needle biopsy and radical prostatectomy grades more closely match when 
graded by urologic as opposed to general pathologists. 


There is approximately a 20% grading discrepancy between general patholo- 
gists and expert review on needle biopsy. 


In general, there is a tendency for general pathologists to undergrade more 
than overgrade. 


There is a tendency for general pathologists to underdiagnose Gleason pattern 
5 on needle biopsy. 


Grading by generalists has become more accurate over the last 10 to 15 years. 


Radical prostatectomy and needle biopsy Gleason score 4 + 3 = 7 have a worse 
prognosis than Gleason score 3 + 4 = 7. 


There is a precipitous drop in predicted cure for men with Gleason score 
9-10 cancers at biopsy or radical prostatectomy compared to Gleason score 8. 


Approximately 35% of cases graded as Gleason score 3 + 3 = 6 on needle 
biopsy are upgraded at radical prostatectomy, although the incidence is lower 
in certain academic centers with genitourinary pathology expertise. 


In cases with borderline Gleason score 6 versus Gleason score 3 + 4 = 7 on 
biopsy, it is probably better to diagnose the case as Gleason score 6 since 
potential undergrading due to sampling error is more acceptable than over- 
grading due to grading error. 


Sources of grading discrepancy between needle and radical prostatectomy 
grade are (1) Gleason patterns are on a continuum with some cases having 
borderline grades; (2) grading error; ( 3) needle biopsy sampling error; and 
(4) not taking into account tertiary grade patterns in the radical prostatec- 
tomy specimen. 


Factors correlating with increased upgrading from biopsy to radical prosta- 
tectomy are (1) decreased needle biopsy sampling; (2) increased serum PSA 
levels; (3) small prostate size; (4) increased extent of cancer on biopsy; and 
(5) perineural invasion on biopsy. 


Interobserver reproducibility for pathology grading on needle biopsy is at the 
lowest end of moderate agreement for general pathologists and at the highest 
end of moderate agreement for urologic pathologists. 


Among urologic and general pathologists, major problem areas of noncon- 
sensus are (1) low-grade tumors; (2) cases with small cribriform glands; 
(3) definition of fused glands; (4) cases borderline between two grades; (5) 
differentiating tangential sections of Gleason pattern 3 glands versus poorly 
formed glands of Gleason pattern 4; and (6) cases with cancer present on 
multiple cores. 
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RELATION OF 


GLEASON GRADE TO 
TREATMENT 


RADICAL PROSTA 
OF PATHOLOGIC STAGE 


PREDICTION 


Partin Tables 


In 1993, Partin et al. constructed tables based on clinical stage, biopsy Gleason 
score, and serum prostate-specific antigen (PSA) values.’ Biopsy Gleason scores were 
subdivided in the following categories: 2—4, 5-6, 7, and 8-10. The tables predicted 
organ-confined disease, seminal vesicle invasion, and lymph node metastases. The 
tables were updated in 2007 to reflect contemporary cohorts.’ In this 2007 study, 
biopsy Gleason scores 2—4 were dropped as they should no longer be assigned to 
biopsies. Also biopsy Gleason score 7 was subdivided into 3 + 4 = 7 and 4 + 3 = 7. 
Gleason score 4 + 3 = 7 on needle biopsy is associated with increased pathologic stage 
and progression after radical prostatectomy, even when the number of positive cores, 
maximum percent of cancer per core, and serum PSA are accounted for? (TABLE 6.1). 

A caveat mentioned concerning the Partin tables is: “The Partin tables and 
other nomograms relating to men with (biopsy) Gleason score 8 to 10 who 
have undergone radical prostatectomy represent best-case scenarios of a select 
few, carefully screened patients with limited, high-grade cancer on biopsy and 
no evidence of metastasis on radiographic imaging.”” In 2011, an additional 
update allowed continuous PSA values resulting in a 2010 Partin nomogram‘ 
(http://urology.jhu.edu/support/partinTables.php). The newest Partin Table will 
have five biopsy grade categories (2-6, 3 + 4, 4 + 3, 8, and 9-10). Whereas prior 
Partin tables combined Gleason scores 8—10, the most recent analysis found, for 
example, that men with Gleason scores 9-10 on biopsy are 5.6 times more likely to 
have lymph node metastases than men with biopsy Gleason score 8.5 


Kattan Nomogram 
Kattan’s pretreatment nomogram predicts pathologic stage, which factors in PSA, 


age, Gleason score as continuous variables, clinical stage, and fraction of positive 
biopsy cores®’ (http://nomograms.mskcc.org/Prostate/PreTreatment.aspx). 
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Table 6.1 


Relation of Biopsy Gleason Score 7 to Pathologic Stage 


Gleason Score OC FEPE EPE SV/LN Total 

34+4=7 720/1,262 179/1,262 260/1 ,262 103/1,262 1,262 
(57.0%) (14.2%) (20.6%) (8.2%) (100%) 

4+3=/7 253/519 82/519 121/519 63/519 519 
(48.7%) (16.8%) (23.3%) (12.1%) (100%) 


OC, organ confined; FEPE, focal extraprostatic extension; EPE, nonfocal extraprostatic extension; SV/LN, seminal 
vesicle invasion/lymph node metastases. 


CAPRA Score 


Another risk assessment tool to predict extraprostatic extension has been developed by 
the University of California in San Francisco called CAPRA (Cancer of the Prostate 
Risk Assessment).*’ Gleason score has a disproportionate weight where the maximum 
three points assigned are more than can be issued with stage, biopsy cancer extent, or 
age and is equivalent to a PSA of 20.1 to 30 ng/mL (Taste 6.2). The numbers assigned 
to various preoperative risk variables are summed and then correlated with tables to 
assess specific outcomes. 


| Table 6.2 | 6.2 


CAPRA (Cancer of the Prostate Risk Assessment) Score 


PSA (ng/mL) Points 
2.0-6.0 0 
6.1-10.0 1 
10.1-20.0 2 
20.1-30.0 3 
Gleason Score Biopsy 

2-6 0 
3+4/3+5 1 
Primary 4/5 3 
Clinical Stage 

T1c-T2 0 
T3a 1 
Percent Positive Biopsies 

<34% 0 
>34% il 
Patient Age 

<50 0 


250 1 
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Predicting Extraprostatic Extension in General 


Biopsy Gleason score is influential in predicting the likelihood of extraprostatic exten- 
sion that factors into several clinical decision. For surgical candidates, it helps determine 
as to whether to resect or preserve the neurovascular bundles during radical prostatec- 
tomy. Predicting the likelihood that a prostate carcinoma is associated with extrapros- 
tatic extension is typically accomplished by use of the Partin tables, CAPRA tables, or 
Kattan nomograms described above. 


Predicting Side-specific Extraprostatic Extension 
(Algorithms) 


There have been several studies evaluating the risk of extraprostatic extension on 
a given side (i.e., left or right). Except for the study by Zorn et al. validating the 
Steuber model, many studies include patients with sextant-only biopsies, such that 
their criteria may not be applicable to current practice. The group from New York 
University developed its algorithm for performing nerve sparing radical prostatec- 
tomy based on the study of 535 radical prostatectomy specimens.'° They recom- 
mended excising the ipsilateral neurovascular bundle if ipsilateral findings were (1) 
biopsy Gleason scores 2—6 with overall >50% tumor and perineural invasion; (2) 
biopsy Gleason score 7 with >30% tumor or perineural invasion; or (3) biopsy 
Gleason scores 8—10 with >10% tumor or perineural invasion. Of the men under- 
going excision of the neurovascular bundle based on a positive algorithm, 28% had 
extraprostatic extension somewhere in the prostate though not necessarily in the 
region of the neurovascular bundle. Of the men with a negative algorithm, only 
11% had extraprostatic extension. The area under the ROC curve that gives an 
overall indication of the accuracy of this model was only 0.58. In a smaller study of 
82 patients, Hashimoto et al. developed an algorithm for clinical stage T1c, T2a, 
and T2b cancers.'! If the cores from the apex were negative, neurovascular bundle 
sparing was performed. If the apical cores were positive, neurovascular bundle spar- 
ing was performed if Gleason score was <6 and PSA <10. If either PSA was 210 or 
Gleason score was >6 with a positive apical biopsy, then neurovascular bundle resec- 
tion was recommended. Within the favorable algorithm group, 8.7% had a positive 
margin compared to 26.5% in the unfavorable group. Approximately one-third of 
patients were classified into the unfavorable algorithm group. 


Predicting Side-specific Extraprostatic Extension 
(Nomograms) 


Satake et al. evaluated 354 men and 708 lobes, factoring in serum PSA, clinical stage, 
biopsy Gleason score, and biopsy maximum percent of cancer.'? The nomogram by 
Steuber et al.” predicting side-specific extraprostatic extension analyzed 2,236 
lobes from 1,118 prostates, factoring in PSA, clinical stage, biopsy side-specific 
Gleason score, side-specific percent positive cores, and side-specific biopsy over- 
all percent cancer, although percent positive cores do not contribute much to 
the model. This nomogram has also been validated in a repeat study of 576 pros- 
tates (1,152 lobes), where 89.1% of men had 210 core sampling.“ The nomogram 
was 89% accurate versus 84% in the previously reported study (Figure 6.1). 
Using this algorithm as opposed to a less structured decision of whether to resect 


183 


184 


THE GLEASON GRADING SYSTEM 


K 0 10 20 30 40 50 60 70 80 $0 10C 
Points E 
Pre-operative PSA 

10 20 30 40 50 60 70 80 
T2a T2e 
me 
Clinical stage a Sa a as 
0 Bord 7(4+3) 
= eum —<“K_o 
Bx. Gleason sum ifs 3 ae 
rs 25 
% positive cores lua 


0, mpy 

% cancer O 10 20 30 40 50 60 70 80 90 100 

Total points 20 40 60 80 100 120 140 160 180 200 22C 
iti AO. SE E. AT. TO. ETE. a A T. STE, TOTE, O ER SAT OT; O E 

Prob. of positive ECE 0.02 01 02 03 04 05 06 07 08 08609 0,930.95 0.97 0.98 098 0,995 


Figure 6.1. Nomogram predicting probability of extraprostatic 
extension (ECE). Locate patient PSA on preoperative PSA axis. 

Draw a line straight up to Points axis to determine how many points 
the patient receives for this variable. Repeat this process for other 
predictors, each time drawing a straight upward line to Points axis. 
Sum points for each predictor and locate this sum on Total Points axis. 
Draw a line straight down to find the patient probability of positive 
extraprostatic extension. Bx, biopsy; Prob, probability. (Reproduced 
from Steuber T, Graefen M, Haese A, et al. Validation of a nomogram 
for prediction of side specific extracapsular extension at radical prosta- 
tectomy. J Urol 2006;175:939-944; discussion 944, with permission.) 


the neurovascular bundle reduced overall positive margins (12.6% vs. 20.4%) and 
the likelihood of a positive margin being located in the region of the neurovascular 
bundle (37% vs. 70%)." 

Ohori et al. also have developed a nomogram to predict side-specific 
extraprostatic extension factoring in PSA, clinical stage (each side), biopsy Gleason 
score (each side), percent positive cores (each side), and total percent cancer in 
cores (each side).° The area under the ROC curve was 0.806, which showed excellent 
discrimination. 


Predicting Extraprostatic Extension into the 
Neurovascular Bundle 


Only one study has specifically assessed the risk of extraprostatic extension in the region 
of the neurovascular bundle. In a study of 3,006 lobes from 2,660 cases from Johns 
Hopkins, five adverse preoperative parameters were associated with an increased 
risk of extraprostatic extension into the neurovascular bundle with the area under 
the ROC curve of 0.78 (TABLE 6.3).'° If none or only one of these features was pres- 
ent, there was a <10% likelihood of involvement of the neurovascular bundle and 
these men could safely have their bundles spared. In contrast, the presence of two 
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Table 6.3 


Prediction of Extraprostatic Extension in the NVB 


Predictor High Risk Odds Ratio 
PSA 210 ng/mL 2.4 
Gleason score? >7 3.3 
Average % of biopsy core with cancer? >20% 1.9 
% cores with cancer? >1/3 2.2 
DRE Abnormal 2.0 

°Side specific. 


NVB, neurovascular bundle; DRE, digital rectal examination. 


or more adverse features raised the risk of tumor extension into the neurovascu- 
lar bundle to >10%, increasing the risk of a positive margin in the region of the 
spared neurovascular bundle. Perineural invasion was not an independent predictor 
of neurovascular bundle invasion. 


Predicting Seminal Vesicle Invasion and Lymph Node 
Metastases 


Seminal vesicle invasion is one of the more adverse findings at radical prostatectomy 
with 10-year biochemical recurrence-free survivals in the current era of approximately 
20%. The corresponding metastases-free survival is approximately 75% with around 
15% dying of cancer at 10 years.” In a large study from Hopkins on tumors with 
seminal vesicle invasion, only clinical stage T2c-T3 and radical prostatectomy 
Gleason scores 8—10 were predictors of metastases-free survival and cancer-specific 
survival.” In a study looking at side-specific seminal vesicle invasion, Sankin et al. 
found that age, PSA, and biopsy Gleason score were the strongest predictors with pros- 
tate volume a weak predictor.'* The Partin tables have been more recently validated in 
2010 using the NCI SEER database where the tables were more predictive for semi- 
nal vesicle invasion and lymph node metastases compared to predicting extraprostatic 
extension.” Kattan pretreatment nomograms have been specifically formatted to 
predict the risk of seminal vesicle invasion and lymph node metastases.”””! In prac- 
tice, elevated serum PSA levels and biopsy Gleason score, but not clinical stage, 
are associated with a greater odds of urologists performing pelvic lymph node 
dissections.” 


PREDICTION OF PROGRESSION AFTER RADICAL 
PROSTATECTOMY 


Preoperative Data 


Both biopsy and prostatectomy Gleason scores have been used in nomograms and tables 
to predict the likelihood of recurrence following radical prostatectomy. Knowing the long- 
term likelihood of cure with surgery using preoperative data can help guide patients in 
deciding whether to select radical prostatectomy as a treatment option. The model by 
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Stephenson et al.” employs the following variables: PSA, biopsy Gleason score, clini- 
cal stage, and fraction of positive cores. The HAN table from Johns Hopkins ana- 
lyzes biopsy Gleason score, PSA, and clinical stage” (http://urology.jhu.edu/prostate/ 
hanTables.php). The CAPRA tool described above, in addition to predicting pathologic 
stage, has been used to predict biochemical recurrence.*” The D’Amico preoperative risk 
classification system has also fairly accurately stratified men in terms of their risk of 
biochemical recurrence, metastases, and death.” Within the preoperative high-risk 
group, biopsy Gleason score, radical prostatectomy Gleason score, and positive surgi- 
cal margins were more associated with the risk of death due to prostate cancer than 
pathologic tumor stage or lymph node metastases. 


Postoperative Data 


More accurate information on the risk of progressing after radical prostatectomy is 
obtained from pathologic data from the resection specimen. A long-term follow-up 
study from Hopkins of 2,404 men with a mean follow-up of 6.3 years with 621 men 
followed for at least 10 years analyzed the risk of postradical prostatectomy progres- 
sion. Radical prostatectomy Gleason score whether evaluated separately or in com- 
bination with pathologic stage was highly predictive of biochemical progression 
(TABLE 6.4).”4 

In the Stephenson nomogram, the following variables were factored in: the year of 
the radical prostatectomy, margins, extraprostatic extension, seminal vesicle invasion; 
lymph node metastases; Gleason score; and PSA.” A weakness of this nomogram is that 
Gleason scores 8—10 were considered as one group. Also there is a significant difference 
between focal extraprostatic extension and nonfocal extraprostatic extension. Kattan’s 
postoperative nomogram has several advantages in that Gleason scores 8, 9, and 10 
are considered separately and that extraprostatic extension is subdivided and has been 
validated in different patient populations.” In Kattan’s earlier nomogram, Gleason 
score 7 is not broken down into 3 + 4 and 4 + 3, although the current model 
present on the Internet does allow this distinction (htttp://nomograms.mskcc.org/ 
Prostate/PostRadicalProstatectomy.aspx). Numerous studies have demonstrated 
that radical prostatectomy Gleason score 4 + 3 = 7 has a worse prognosis than 
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Actuarial Recurrence-free Rates Following RP 


Postoperative 5-yr Recurrence- 10-yr Recurrence- 15-yr Recurrence- 
Gleason Score free Rates free Rates free Rates 
6 95 (93-97) 88 (83-92) 73 (59-82) 
7 (3+4) 1 (77-84) 0 (53-67) 9 (51-65) 
7 (4+3) 3 (44-61) 3 (22-43) 33 (22-43) 
8-10 4 (36-52) 9 (22-37) 15 (5-28) 
Organ confined 97 (95-98) 3 (90-95) 4 (77-90) 
EPE+, GS < 7, SM- 97 (94-98) 3 (89-96) 4 (70-92) 
EPE+, GS < 7, SM+ 9 (80-94) 3 (61-82) 8 (41-71) 
EPE+, GS =7, SM- 0 (75-85) 1 (52-68) 9 (50-67) 
EPE+, GS > 7, SM+ 8 (49-66) 2 (32-52) 3 (23-44) 


EPE, extraprostatic extension; GS, Gleason score; SM, surgical margins. 
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Gleason score 3 + 4 = 7. In contrast to the Stephenson nomogram, the relation of 
tumor to the edge of the prostate in the Kattan nomogram is broken down into organ 
confined, capsular invasion, focal extraprostatic extension, and nonfocal extraprostatic 
extension.”* However, as there is no true capsule, it is not recommended to use the term 
“capsular invasion.” Rather, tumor is either in the prostate (organ confined) or out of 
the prostate (extraprostatic extension) with nothing in between.** In the Kattan nomo- 
gram, Gleason scores 3-6 are all clustered together with approximately the same 
risk of recurrence, supporting that Gleason scores 2-6 should be considered one 
group in terms of prognosis. Progressively increasing risks of progression are seen 
with Gleason scores 7—10. 

Teeter et al. using the SEARCH database identified not only those with an increased 
risk of biochemical recurrence but those with an “aggressive recurrence” defined as hav- 
ing a postoperative PSA doubling time of <9 months.” The best model with a high 
accuracy (AUC of 0.82) was PSA (<10; 10-19.9; 220); radical prostatectomy Gleason 
score; and pathologic stage (organ confined, margin negative, extraprostatic extension 
and/or positive margins, seminal vesicle invasion). Using Gleason scores 2—6 as the 
reference, Gleason scores 7 and 8—10 were associated with 2.75 and 7.60 times risk of 
“ageressive recurrence,” respectively. 


Relation of Grade at Margins to Progression 


Whereas several studies have demonstrated that the extent of cancer at a margin in a 
radical prostatectomy specimen correlates with postoperative progression, only a few 
have analyzed whether the grade of tumor at the margin impacts prognosis. In a group 
of men with Gleason score 7 cancer, a study from Hopkins noted a strong associa- 
tion between biochemical recurrence and the Gleason score at the site of the posi- 
tive surgical margin; length of cancer at the margin was also predictive. Grades at 
the margins were stratified into 3 categories: 3 + 3, 3 + 4, and 24 + 3% (Frcure 6.2). 
These findings have been substantiated in a study by Cao et al. where among patients 
with Gleason score 27, those with a higher Gleason score of the tumor at the margin 
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Figure 6.2. PSA progression-free probability 
curves demonstrating difference in outcome 
based on the grade of cancer present at the 
positive surgical margin in men with Gleason 
score 7 adenocarcinoma at radical prostatectomy. 
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had a higher likelihood of a biochemical recurrence than those with a lower one.*' It is 
recommended that pathologists report the Gleason score of tumor at the margin 
in radical prostatectomy specimens. 


Predicting Metastases after Biochemical Recurrence 


Pound et al. from Hopkins developed a model for predicting metastases following bio- 
chemical recurrence after radical prostatectomy.“ The model was based on radical pros- 
tatectomy Gleason score (8—10 vs. $7), time to PSA recurrence (>2 years vs. <2 years), 
and PSA doubling time (>10 months vs. <10 months). Once men developed meta- 
static disease, the median actuarial time to death was 5 years. In a more recent study 
from Hopkins with longer follow-up (median 8 years) and an expanded number 
of patients (n = 450), only PSA doubling time and radical prostatectomy Gleason 
score were predictive of metastases following biochemical recurrence. The metas- 
tasis-free rate at 10 years was 94%, 52%, and 19% for Gleason scores 6, 7, and 
8-10, respectively.“ 


Correlation of Grade with Preoperative Serum PSA 
Levels 


In general, serum PSA levels correlate with larger tumor volume, advanced pathologic 
stage, and higher grade. It is well known that higher grade prostate cancers do not 
immunohistochemically express as much PSA as lower grade tumors. It has also been 
demonstrated that higher grade cancer produces in the serum less PSA per cell com- 
pared to lower grade tumor.“ Nonetheless, poorly differentiated tumors are overall asso- 
ciated with higher PSA levels as these tumors tend to be larger and of more advanced 
stage. There are exceptions where very high grade acinar adenocarcinoma of the prostate 
is so poorly differentiated with advanced disease that associated serum PSA levels are 
disproportionably low.*°*” These are in addition to the unique situation of small cell 
carcinoma of the prostate that rarely expresses PSA immunohistochemically or in the 
serum.“ As a consequence of high-grade prostate cancer’s less effective PSA production, 
it has been demonstrated that PSA doubling time measured before and after radical 
prostatectomy is not as predictive for Gleason scores 8-10 tumors.” 


PREDICTION OF PROGRESSION AFTER SALVAGE 
RADICAL PROSTATECTOMY 


Because of concerns in terms of efficacy and high morbidity, there are relatively scant 
data on salvage radical prostatectomy following biopsy-proven local recurrence after 
radiation therapy. A large multi-institutional study of 404 salvage radical prostatecto- 
mies done following various forms of radiation therapy identified both pre- and postop- 
erative risk factors for biochemical recurrence.” The strongest preoperative variable 
associated with biochemical recurrence and metastases after salvage radical pros- 
tatectomy was biopsy Gleason score. Using biopsy Gleason score 6 as a reference, 
biopsy Gleason scores 7 and 8-10 had hazard ratios for biochemical recurrence 
of 2.03 and 3.22, respectively. The hazard ratios for biopsy Gleason scores 7 and 
8-10 for metastases were 2.77 and 6.88, respectively. PSA before salvage radical pros- 
tatectomy was a much weaker predictor. In the postoperative model, radical prosta- 
tectomy Gleason score was again the strongest predictor of biochemical recurrence 
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with PSA much weaker, although both PSA and radical prostatectomy Gleason score 
were approximately equal in predicting metastases following salvage radical prostatec- 
tomy; lymph node involvement was a weaker predictor. The most favorable group 
for undergoing salvage radical prostatectomy was men with a presalvage radical 
prostatectomy PSA <4 ng/mL and a postradiation prostate biopsy with a Gleason 
score <7. The biochemical recurrence-free probability in these men was 64% at 5 
years and 51% at 10 years. 

In a much smaller study of men treated uniformly with the same radiation therapy, 
biopsy Gleason score prior to salvage radical prostatectomy, <50% positive biopsy cores, 
PSA doubling time >12 months, and low-dose brachytherapy were significant predic- 
tors of organ-confined prostate cancer with negative surgical margins. There were insuf- 
ficient data to meaningfully analyze risk of metastases and death.”! 


PROGNOSTIC GLEASON GRADE GROUPING 


A problem with the current system is that Gleason score 6 is typically the lowest 
grade assigned on biopsy material. However, the Gleason scale ranges from 2 to 
10, so consequently patients are unduly concerned when told they have Gleason 
score 6 cancer on biopsy, logically but incorrectly assuming that their tumor is in 
the midrange of aggressiveness. Another consequence of the modified grading system 
is that there is an expanded definition of Gleason pattern 4 to include a broader range 
of histologic patterns, as discussed and illustrated in Chapter 2. The original Gleason 
system restricted Gleason pattern 4 to cases with irregular cribriform architecture and 
fused glands. In the modified system, almost all cribriform patterns were considered 
Gleason pattern 4 along with poorly formed and fused glands. Subsequent to the initial 
publication of the modified system, data have been presented that all cribriform glands 
should be diagnosed as cribriform pattern 4.%°* There are several prognostic conse- 
quences of the reclassification of many former Gleason score 6 tumors to Gleason score 
7 in the modified system. Gleason score 6 tumors are currently more homogeneous and 
have a uniformly better prognosis. For example, virtually no organ-confined Gleason 
score 6 tumor is associated with progression after radical prostatectomy, whereas using 
the original Gleason system, this occasionally occurred.” 

Using the modified Gleason system, a study from Hopkins correlated biopsy and 
radical prostatectomy Gleason score with pathologic stage and biochemical recurrence 
in 6,462 men (TaBLE 6.5; Figure 6.3). In this study, almost 95% and 97% of 
patients with Gleason score 6 cancer at biopsy and radical prostatectomy (no ter- 
tiary pattern 4 at radical prostatectomy), respectively, were predicted to be cured 
of disease at 5 years following radical prostatectomy. Although other parameters 
must be factored in, such as extraprostatic extension and margin status in the radical 
prostatectomy and serum PSA and clinical stage on biopsy, in the modified Gleason 
system, Gleason score 6 has an overall excellent prognosis. Using the modified 
Gleason system, this study showed that Gleason score 3 + 4 = 7 tumor has a 
very favorable prognosis with an estimated 5-year biochemical-free survival of 
83% and 88% for biopsy and radical prostatectomy, respectively. Gleason score 
3 + 4=7 tumor has a relatively favorable prognosis. Gleason score 9-10 tumor 
had almost twice the risk of progression compared to Gleason score 8. Gleason 
score 4 + 3 = 7 tumor appears to have a slightly better prognosis than Gleason 
score 8, yet the differences are not statistically significant. Longer follow-up is 
needed to determine their relative prognosis. An accurate grouping of Gleason scores 
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Biochemical Recurrence at 5 yr Stratified by Biopsy and RP Gleason Score 


Biopsy Gleason Score 


Gleason Score Relative Risk Actuarial Risk 
<6 1 94.6% 

3+4 22 82.7% 

4+3 4.7 65.1% 

4+4 7.6 63.1% 

9-10 12.6 34.5% 

RP Gleason Score 

Gleason Score Relative Risk Actuarial Risk 
<6 1 96.6% 

3+4 2.6 88.1% 

4+3 4.4 69.7% 

4+4 8.5 63.7% 

9-10 12:7 34.5% 


Biochemical Recurrence Free Survival 
Biopsy Gleason Sum 


94.6% (251) 
82.7% (35) 


noe 65.1% (18) 
(93) 63.1% (7) 
3 


34.5% (2 at 4 years) 


Time fears 


Pathological Gleason Sum 


63.7% (3) 


34.5% (4) 


log-rank p<0.001 


4 
Time (years) 


Figure 6.3. Kaplan-Meier analysis of Gleason 
score at biopsy and radical prostatectomy 
pathologic analysis. Number at risk is demon- 
strated parenthetically at the time of surgery 
and at 5 years (except where specified). 
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Table 6.6 


Prognostic Grade Grouping 


Gleason score <6, Prognostic Grade Group I/V 
Gleason score 3 + 4 = 7, Prognostic Grade Group II/V 
Gleason score 4 + 3 = 7, Prognostic Grade Group III/V 
Gleason score 8, Prognostic Grade Group IV/V 
Gleason score 9-10, Prognostic Grade Group V/V 


can be accomplished with five Prognostic Grade Groups, as opposed to the individual 
nine Gleason scores. Oversimplification of the Gleason grade classification, such 
as combining Gleason scores 8-10 or classifying patients into low-, intermedi- 
ate-, and high-risk categories based on Gleason scores <7, 7, and >7 loses critical 
prognostic information. In reporting grades on biopsy and radical prostatectomy, 
in addition to reporting the individual Gleason score, Prognostic Grade Groups 
(TABLE 6.6) could be added. One would still report a case as “Gleason score 9” 
or as “Gleason score 10,” (rather than as “Gleason score 9-10”) along with the 
Prognostic Grade Group V. Patients will, for example, be reassured that when diag- 
nosed with a Gleason score 6 that their Prognostic Grade Group is I out of V, not 
Gleason score 6 out of 10. The same would apply for Gleason score 3 + 4 = 7 tumor 
where the Prognostic Grade Group (II) is in line with their tumor’s relatively less 
aggressive behavior. At the other end of the grade spectrum, men with Gleason scores 
9-10 tumors will more accurately be considered to have more aggressive tumors than 
those with Gleason score 8, and this can be factored into their management. 


BRACHYTHERAPY 


Much of the radiation literature is based on D’Amico’s risk group classification. Low- 
risk prostate cancer is defined as Gleason score 6 and PSA <10 and clinical stage 
T1/T2a. Intermediate-risk includes Gleason score 7 and/or PSA >10 and <20 and/ 
or clinical stage T2b. High-risk is biopsy Gleason scores 8-10 or PSA >20 ng/mL 
or clinical stage T3.*° Some consider high-risk disease if there are two or more 
adverse findings in the intermediate-risk group.” Some of the results for the low-risk 
groups would be expected to fare better in the current era with the modified Gleason 
grading system, excluding cases that in the past would have been graded as Gleason 
score 6 yet would be currently graded as Gleason score 7. 


Low-risk Disease 


It is generally accepted that brachytherapy as monotherapy is best suited for patients 
with organ-confined prostate cancer.” Brachytherapy as monotherapy shows high 
biochemical-free risk of progression for low-risk prostate cancer (TABLE 6.7). 


Intermediate-risk Disease 


Some experts recommend that for intermediate-risk prostate cancer with Gleason 
score 7, if brachytherapy is used, either (1) external beam radiotherapy is added 
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Table 6.7 


Twelve- to Fifteen-year Biochemical Control Following Brachytherapy 


Low Risk Intermediate Risk High Risk 

Mount Sinai? 88% 79% 67%? 
New York Prostate Institute" 89% 78% 63% 
Seattle Prostate Institute? 86% 80% 62%? 
University of Washington® 99% 97% 91%? 

"Ref. 62. 

Modified to include two or more adverse factors within intermediate-risk group. 

Ref. 64. 

Ref. 68. 

Ref. 65. 


or (2) high-dose brachytherapy is employed.’ High-dose brachytherapy uses 
the temporary placement of a high-activity iridium 192 (192Ir) radioactive source, 
which delivers a high radiation dose over a short period.” If high-dose brachytherapy 
is used as monotherapy for intermediate-risk patients, some experts require that only 
one of the more adverse risk factors be present. For example, Gleason score is 7, 
clinical stage is T2b, or PSA is >10 and <20 with the other parameters fitting for the 
low-risk group. The prognosis following high-dose brachytherapy and external beam 
radiation therapy is comparable to, or better than, results reported with external 
beam radiation therapy alone, with permanent interstitial low-dose brachytherapy 
alone, or with the combination of external beam radiation therapy and low-dose 
brachytherapy.” 

Whereas some experts would not consider low-dose brachytherapy as monotherapy 
for intermediate disease, other experts would in certain conditions. A survey of 18 
brachytherapy experts provides some indications as to when they would consider 
brachytherapy as monotherapy for intermediate-risk patients based on clinical 
stage, serum PSA levels, biopsy Gleason score, extent of cancer on biopsy, and the 
presence of perineural invasion on biopsy (TABLE 6.8). 


High-risk Disease 


A critical aspect of Gleason score is that tumors with Gleason scores 8-10 require 
higher radiation doses.’ In high-risk patients, one of the criteria being a 
biopsy Gleason scores 8-10, typically neoadjuvant hormonal therapy along with 
brachytherapy and external beam radiotherapy is used (see Supplemental Androgen 
Depravation Therapy). Hormone therapy is continued for variable durations while the 
radiation is in effect. The prostate is given the higher doses with the brachytherapy, 
and microscopic periprostatic disease is treated by lower doses from the external beam 
radiotherapy.°! 


Prognosis of Low- versus Intermediate- versus 
High-risk Disease 

The freedom from distant metastases at 12 years has been reported as 99.8%, 
98.1%, and 93.8% for low-, intermediate-, and high-risk groups following 
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| Table 6.8 | 6.8 


Situations in which >70% of Brachytherapy Experts Would 
Perform Monotherapy for Intermediate-risk Prostate Cancer 


Biopsy Gleason Score 6 


Clinical Stage Serum PSA Percent PNI Percent of Experts 
of Cores Would Do Monotherapy 
Tic 10-20 <30% 7 100% 
Tic 10-20 <30% + 80%-90% 
T2a 10-20 <30% = 80%-90% 
T2a 10-20 <30% + 70%-79% 


Biopsy Gleason Score 3 +4=7 


Clinical Stage Serum PSA Percent PNI Percent of Experts 
of Cores Would Do Monotherapy 

Tic <10 <30% = 100% 

Tie <6 <30% + 80%-90% 

Tic <10 30%-50% = 70%-80% 

Tic <2.5 30%-50% + 70%-80% 

T2a <6 <30% = 80%-90% 

T2a 6-10 <30% - 70%-80% 


Biopsy Gleason Score 4 + 3 = 7 


Clinical Stage Serum PSA Percent PNI Percent of Experts 
of Cores Would Do Monotherapy 
Tic <10 <30% = 70%-80% 


PNI, perineural invasion (modified from Frank). 


brachytherapy. Comparable numbers for cancer-specific survival were 99.8%, 98.0%, 
and 95.3%.° 


Prognosis of Gleason Score beyond Risk Groups 


Biopsy Gleason score is one of the more powerful independent predictors of out- 
come following brachytherapy.“ According to Taira et al., the biochemical-free 
risk of recurrence following brachytherapy at 12 years for biopsy Gleason scores 
<6, 7, and 8-10 was 98.2%, 94.9%, and 89.6%, respectively.” In the study by 
Stock et al., the 10-year disease-specific survival for patients with biopsy Gleason 
score 6 disease treated with brachytherapy was 98%, falling to 91% and 92% 
for Gleason scores 7 and 8-10, respectively.® Taira et al. reported 12-year cancer- 
specific survival rates of 99.8%, 97.8%, and 92.9% for Gleason scores <6, 7, and 
8-10, respectively.® 


Prognosis of High Gleason Score with Low PSA 


Most patients in the high-risk group not only have high Gleason scores but typically 
have high serum PSA levels as well. Looking at a group of patients with Gleason score 
8-10 cancer, yet relatively low serum PSA levels of $15 ng/mL where 64.4% of men 
had clinical stage T2a or less disease and only 4.0% had clinical stage T3 disease, 
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Fang et al. found that the 10-year outcome for brachytherapy (91% also received sup- 
plemental external beam radiation therapy) was 95.2% and 92.5% for cancer-specific 
survival with and without androgen deprivation therapy (ADT). The comparable 
biochemical-free progression rates were 86.5% and 92.6%.°” 


Prognosis of Biopsy Gleason Score versus PSA, 
Risk Groups, and Clinical Stage 


Several studies have shown that biopsy Gleason score is more influential than clin- 
ical stage and PSA in predicting biochemical recurrence, distant metastases, and 
cancer-specific mortality following brachytherapy. Factoring in clinical stage, PSA, 
and overall risk group, only Gleason score was predictive of disease-specific mortality 
in the study by Stock et al. Similarly, Sylvester found that only Gleason score and 
clinical stage, yet not PSA or risk groups, independently predicted biochemical recur- 
rence. Stone and Stock found that for predicting biochemical recurrence, Gleason 
score was not an independent risk factor within the low- or intermediate-risk groups 
(although by definition it was a critical component of their definitions), whereas in the 
high-risk group, Gleason score was an independent risk factor.” This study also found 
that Gleason score was an independent predictor of distant metastases and disease- 
specific survival, whereas PSA and risk groups were not. In another analysis, Gleason 
score was the strongest independent risk factor for cancer-specific survival.” 


Nomograms 


The predictive accuracy of the one published brachytherapy nomogram, of which 
biopsy Gleason score is one of the most influential factors, was inferior to those for 
radical prostatectomy and external beam radiotherapy.” However, this nomogram 
has recently been updated with improved predictability, still retaining biopsy Gleason 
score in the model.” 


EXTERNAL BEAM RADIOTHERAPY 


Prognosis of Low- versus Intermediate- versus 
High-risk Disease 

In a long-term follow-up study of high-dose intensity-modulated radiation therapy 
(IMRT), the 10-year actuarial PSA relapse-free survival rates were 81% for the low- 
risk group, 78% for the intermediate-risk group, and 62% for the high-risk group; 
the 10-year distant metastases—free rates were 100%, 94%, and 90%, respectively; 
and the 10-year cause-specific mortality rates were 0%, 3%, and 14%, respectively.” 


Prognosis of High Gleason Score with Lower PSA 

and Clinical Stage 

Stenmark assessed men with biopsy Gleason scores 8-10 without other risk factors 
(i.e., PSA <20 and clinical stage T1-T2) treated with external beam radiation therapy and 


ADT.” The 8-year biochemical-free risk of disease was 74%, freedom from metastases was 
93%, and cancer-specific survival was 92%. Salvage ADT was used in 16% of the men. 
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| Table 6.9 | 6.9 


Five-year Metastases-free Survival in Men with High-risk Disease 
Following High-dose External Beam Radiotherapy and ADT 


Biopsy Gleason Score PSA (ng/mL) No. of Men Metastases-free 
Survival 
6 >20 54 97.6% 
7 10-20 130 94.3% 
7 >20 92 89.0% 
8 <10 62 90.8% 
8 10-20 38 68.3% 
8 >20 29 79.9% 
9-10 <10 40 83.6% 
9-10 210 41 72.2% 
T3 (any Gleason or PSA) 99 73.6% 


Prognosis of Biopsy Gleason Score beyond Risk 
Groups 


In a study of men undergoing high-dose external beam radiation therapy and supple- 
mental ADT (95% received ADT), Tendulkar et al. subdivided the high-risk group 
to demonstrate the specific effect of Gleason score (TABLE 6.9).*° Although on mul- 
tivariate analysis, biopsy Gleason scores 8-10, PSA, and clinical stage were prog- 
nostic of biochemical recurrence, and biopsy Gleason scores 8-10 and clinical 
stage were predictive of metastases, only biopsy Gleason scores 8-10 correlated 
independently with cancer-specific survival. Patients with (1) biopsy Gleason 
score 8 and PSA >10 ng/mL, (2) biopsy Gleason scores 9-10 with any PSA level, 
or (3) any clinical T3 regardless of grade or PSA were particularly unfavorable 
segments of the high-risk group. 


Prognostic Importance of Biopsy Gleason Pattern 5 


Whereas most studies of high-risk disease do not break down the individual com- 
ponents of high-risk disease and the risk of progression, Stenmark et al. separately 
analyzed Gleason score, any Gleason pattern 5, clinical stage, and serum PSA level.” 
Multiple studies have shown the adverse prognostic effect of Gleason pattern 5 
within the high-risk group, emphasizing why Gleason scores 8—10 should not be 
considered as a homogeneous group, with Gleason scores 9-10 having a worse 
prognosis than Gleason score 8. Of 234 high-risk patients treated with high-dose 
external beam radiation therapy and ADT, 13% had biopsy Gleason score 6, 25% 
biopsy Gleason score 7, 29% biopsy Gleason score 8, and 33% biopsy Gleason scores 
9-10. High Gleason score was the most adverse feature factoring in clinical stage 
and serum PSA levels with a 2.8-fold increased risk of biochemical failure, 3.7-fold 
increased risk of metastases, and 7-fold increased risk of prostate cancer-specific 
mortality. The presence of Gleason pattern 5 was an even stronger risk with 3.2-fold 
increased risk of biochemical failure, 6.6-fold increased risk of metastases, and 16.2- 
fold increased risk of prostate cancer-specific mortality (TABLE 6.10). Whereas high 
clinical stage and high PSA carried the same risk as Gleason score for biochemical 
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Table 6.10 


Eight-year Risk of Adverse Outcomes in Men with High-risk 
Cancers Stratified by Gleason Score Treated by High-dose 
External Beam Radiotherapy and ADT 


Gleason Score 8-10 Gleason Score <7 Pattern5 No Pattern 5 


Biochemical 44% 25% 50% 27% 
failure 

Metastases 24% 11% 39% 11% 
Death 21% 5% 45% 4% 


ADT, androgen deprivation therapy. 


failure, Gleason score was associated with an increased risk relative to stage and PSA 
for metastases and death due to prostate cancer. However, the greater the number of 
risk factors (i.e., higher stage, PSA, grade), the worse the prognosis. 

Sabolch et al. also reported on the prognostic importance of Gleason pattern 
5 within high-risk patients treated with external beam radiation therapy + ADT.” 
Gleason pattern 5 as opposed to Gleason score 8 without pattern 5 predicted an 
increased likelihood of metastases and an overall increased risk of cancer-specific death. 
The 8-year freedom from metastases and cancer-specific survival were 89% and 98%, 
respectively, for those with Gleason score 8 prostate cancer without pattern 5 in com- 
parison with 61% and 55% for those with pattern 5. The presence of Gleason pattern 
5 predicted a worse outcome in comparison to high-risk patients without pattern 5 in 
terms of shorter time to biochemical recurrence, risk of metastases, and cancer-specific 
death. A continuously increasing risk of biochemical recurrence was seen with Gleason 
scores 8—10 (with pattern 5) > Gleason score 8 (without pattern 5) > Gleason score 7 > 
Gleason score 6. After adjustment for other clinical features, Gleason pattern 5 was the 
strongest prognostic factor for metastasis with a relative risk of 17.3 compared to 4.2 
for Gleason score 8 without pattern 5 and 3.2 for Gleason score 7. Factoring in clini- 
cal stage and serum PSA levels, the presence of Gleason pattern 5 was the strongest 
prognostic factor for biochemical recurrence, metastases, and cancer-specific death. 
There was no difference whether the pattern 5 was primary or the secondary pattern. 

PSA failure following external beam radiation therapy + ADT of cases with biopsy 
Gleason score 7 with tertiary pattern 5 is the same as biopsies with Gleason score 8, 
indicating the influence of pattern 5 even if present to a limited extent.” Biopsies with 
Gleason score 3 + 4 = 7 or 4 + 3 = 7 with tertiary amount of pattern 5 are graded as 
3 +5 = 8 or 4 + 5 = 9, respectively, to reflect the adverse effect of pattern 5.” Nanda 
et al. also demonstrated the importance of Gleason pattern 5 in a group of men treated 
with external beam radiation therapy + ADT where men with Gleason scores of 9-10 
had a higher risk of biochemical failure compared to men with Gleason score 8 tumors.”° 


RADIATION THERAPY — GLEASON SCORE 3 +4=7 
VERSUS 3+4=7 


There have been several studies looking at radiation results that have in general 
documented that the prognosis is worse with biopsy Gleason score 4 + 3 = 7 as 
opposed to 3 + 4 = 7, although Gleason score 7 is considered without subclassifica- 
tion within the risk groups often used to determine therapy. In men undergoing cura- 
tive therapy with radiation therapy, there was an increased risk of recurrence/progression 
(hazard ratio 2.10) and prostate cancer-specific mortality (hazard ratio 3.17) in those 
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with Gleason 4 + 3 versus 3 + 4 tumors.” In another study, only brachytherapy and not 
external beam radiation therapy had a significant difference in the 5-year biochemical 
recurrence-free survival rate between biopsy Gleason score 3 + 4 = 7 and Gleason score 
4 + 3 = 7 with rates of 88% versus 76%, respectively.” 


SUPPLEMENTAL ANDROGEN DEPRIVATION 
THERAPY (ADT) 


Overall Recommendation for Low- and High-risk 
Disease 


According to the American Society for Radiation Oncology (ASTRO) and American 
College of Radiology (ACR) practice guideline for transperineal permanent brachy- 
therapy of prostate cancer, the role and duration of androgen suppression therapy 
in intermediate-risk and high-risk patients treated with brachytherapy have not 
been established.” In part, this recommendation reflects older studies showing a 
benefit, yet the doses of radiation used in these older studies would currently be 
considered inadequate.” 


Intermediate-risk Disease 


It is controversial whether ADT may be of benefit in men with intermediate-risk 
disease.® Neoadjuvant, concurrent ADT, and short-term adjuvant ADT should be 
individually decided in intermediate-risk patients based on estimated risk of having 
more adverse disease.*”*! If used, patients typically receive a shorter course of andro- 
gen therapy compared to high-risk patients.” 


High-risk Disease 


Despite their flaws, the presence of major randomized trials in support of combina- 
tion ADT and radiation therapy for high-risk disease makes this the recommended 
therapy for this group of men.® Stenmark et al. demonstrated the benefit in terms of 
biochemical recurrence, metastases, and cancer-specific survival of ADT for high-risk 
disease with Gleason scores 8—10 or Gleason pattern 5, yet not Gleason score $7.” 
However, not all studies have found ADT improves results in high-risk patients.” 


Practice Patterns in the Use of ADT with Radiation 
Therapy 


In the study by Stenmark et al., 79% of high-risk patients received ADT in 
addition to either conformal beam external beam radiation therapy or inten- 
sity-modulated radiotherapy (IMRT). Among the criteria for high-risk patients, 
Gleason scores 8—10 were associated with the highest risk (87%) of administer- 
ing supplemental ADT.” In contrast, only 65% of men with clinical stages T3-T4 
disease received ADT in the same study. In another study analyzing the current use 
of ADT in a community setting, it was used in combination with external beam radi- 
ation therapy and brachytherapy (trimodality therapy) in the presence of Gleason 
score 7 (odds ratio 2.88) and Gleason scores 8—10 (odds ratio 4.28). The only other 
factor with a higher odds ratio was clinical stage T3 disease (odds ratio 4.84).* 
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WHOLE PELVIC RADIATION 


Nomograms and predictive tables exist to estimate those men who are at highest risk 
of having pelvic lymph node metastases. Probably the most influential factor in these 
tools is the biopsy Gleason score. It is still controversial on the use of whole pelvic 
radiation as no randomized trial has shown a survival benefit.’ 


ADJUVANT AND SALVAGE RADIATION FOLLOWING 
RADICAL PROSTATECTOMY 


Postradical Prostatectomy Radiotherapy 


The three common situations in which radiation therapy is given after radical 
prostatectomy are (1) adjuvant radiotherapy when there is an undetectable serum 
PSA level, yet there are adverse pathologic findings; (2) salvage radiotherapy when 
there is an initial postoperative undetectable serum PSA level that then rises at 
a later date; and (3) salvage radiotherapy when the postoperative serum PSA 
level never decreases to an undetectable level. Currently, there are no standardized 
guidelines for the use of adjuvant radiation therapy and the majority of patients are 
monitored for signs of recurrence after prostatectomy before administering radiation. 


Adjuvant Radiotherapy 


The following findings at radical prostatectomy have been shown in numerous studies to 
correlate with an increased likelihood of recurrence: positive margins, extraprostatic exten- 
sion, higher radical prostatectomy Gleason score, seminal vesicle invasion, and lymph 
node metastases. Nomograms can be used to factor in all the postoperative findings 
and determine the risk of recurrence.” However, these nomograms do not factor in 
more recent parameters, such as the extent of margin positivity and the grade of the 
tumor at the margin. Consequently, in addition to nomograms, there is often a more 
subjective evaluation as to when to recommend adjuvant radiotherapy that takes 
these findings into account. For example, adjuvant radiation therapy may not be 
suggested if the overall grade of the radical prostatectomy tumor is Gleason score 7, 
yet the tumor at the margin is focal and Gleason score 3 + 3 = 6; the risk of biochemi- 
cal recurrence in this setting is less than 50%.“ There have been three randomized 
control studies assessing adjuvant radiation therapy versus observation following radical 
prostatectomy in high-risk patients. In one study, Gleason scores were not available, and 
in the other, the Gleason grading was not contemporary (i.e., data accrued from 1988 to 
1997).*® The third most recent study had central pathology review and found that adju- 
vant radiation therapy was beneficial across both radical prostatectomy Gleason scores <6 
and >6.% The strongest risk factors for use of adjuvant radiation therapy in men with 
extraprostatic extension and positive margins are radical prostatectomy Gleason 
score >7 and high-risk disease, and less so PSA >10 and positive lymph nodes.” 


Salvage Radiotherapy 


In cases where the postoperative serum PSA levels increase, the use of salvage radiation 
therapy depends on whether the recurrence is local, distant, or both. In the former, 
there is a clear-cut rationale for radiation therapy and less so in the other settings. The 
most common use of radiation therapy done for rising postsurgical serum PSA levels 
is when the radical prostatectomy revealed positive margins. Nomograms have been 
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Figure 6.4. Pretreatment nomogram predicting 6-year progression-free 
probability after salvage radiotherapy for PSA recurrence after radical 
prostatectomy. Draw a straight line up to the Points axis to determine 
how many points toward disease recurrence that the patient receives 
for his Gleason score. Repeat this process for the other 10 disease 
and treatment parameters. Sum the points and locate this number on 
the Total Points axis. Draw a straight line down to find the patient's 
probability of remaining free of disease progression at 6 years after 
salvage radiotherapy. (Reproduced from Stephenson AJ, Scardino PT, 
Kattan MW, et al. Predicting the outcome of salvage radiation therapy 
for recurrent prostate cancer after radical prostatectomy. J Clin Oncol 
2007;25:2035-2041, with permission.) 


developed to determine the relative risk of local versus distant recurrence factor- 
ing in PSA level or PSA velocity at 1 year following surgery, pathologic stage, 
and Gleason score at radical prostatectomy.* In a large study from Hopkins, 
only PSA doubling time and radical prostatectomy Gleason score were predictive 
of metastases following biochemical recurrence.“ 

The following factors that are more associated with an increased risk of dis- 
tant metastases have been correlated with worse outcomes following salvage radio- 
therapy: radical prostatectomy Gleason scores 8—10, seminal vesicle invasion, high 
preradiation therapy PSA (>1 to >2.5 ng/mL), short PSA doubling times, negative 
prostatectomy margins, treatment for a persistently elevated serum PSA level that 
never dropped after radical prostatectomy, and a palpable prostatic fossa mass. 
A nomogram and decision tree have been developed by Stephenson et al. to predict 
those men more likely to progress after salvage radiotherapy (Ficures 6.4 and 6.5).”° 
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Figure 6.5. Four-year progression-free probability after salvage radio- 
therapy for 1,326 patients who did not receive androgen deprivation ther- 
apy before or during radiation therapy, stratified by preradiotherapy PSA, 
Gleason score, surgical margins, and PSA doubling time (PSADT). RT, 
radiotherapy; PFP, progression-free probability; CI, 95% CI. (Reproduced 
from Stephenson AJ, Scardino PT, Kattan MW, et al. Predicting the out- 
come of salvage radiation therapy for recurrent prostate cancer after radi- 
cal prostatectomy. J Clin Oncol 2007;25:2035-2041, with permission.) 


Adverse factors included preradiation PSA >0.5 ng/mL, radical prostatectomy Gleason 
scores 8-10, PSA doubling time $10 months, negative surgical margins, positive lymph 
nodes, and no concurrent androgen therapy. However, as long as the serum PSA level 
was <0.5 ng/mL at the start of salvage radiotherapy, 48% of men had no evidence of 
disease at 6 years even with radical prostatectomy Gleason scores of 8-10. Trock et 
al. also demonstrated a benefit of salvage radiotherapy as long as treatment was given 
within 2 years of biochemical recurrence, a nadir PSA after radiotherapy of <0.2 ng/mL, 
and a PSA doubling time of <6 months.” This benefit was independent of radical pros- 
tatectomy Gleason score. Both the studies by Trock et al. and Stehpenson et al. 
demonstrate that salvage radiotherapy may be of benefit in a subset of men with 
radical prostatectomy Gleason score 8—10 tumors without other adverse findings. 


ACTIVE SURVEILLANCE 


Definition of Insignificant Prostate Cancer 


The most commonly used criteria to define insignificant prostate cancer at radical 
prostatectomy include three well-established prognostic factors as described by 
Ohori et al. and Epstein et al.: (1) radical prostatectomy Gleason score 6 or less 
without Gleason pattern 4 or 5, (2) organ-confined disease (no extraprostatic 
extension, seminal vesicle invasion, or lymph node involvement), and (3) a tumor 
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volume <0.5 cm’.°”* The categorization of the tumor is based on the tumor nodule with 
the largest tumor volume (i.e., the dominant or index tumor). Studies have shown that 
25% to 29% of radical prostatectomy specimens done for PSA-detected prostate 
cancer have insignificant cancer.”””* It is recognized that many of the currently PSA- 
detected prostate cancers are associated with a low risk of aggressive behavior and that 
many men with such disease will die of other causes as opposed to their prostate cancer.” 
As a consequence, active surveillance, in the past referred to as “watchful waiting” 
or “expectant management,” is increasingly recommended as an option for the appro- 
priate patient who does not want definitive therapy and its associated morbidity. Two 
of the most critical aspects of active surveillance are its selection criteria and determin- 
ing when a patient has developed more substantial disease and is recommended for 
definitive therapy. The Gleason score plays a critical role in both of these decisions. 


Selection Criteria 


The first study to publish pretreatment criteria significantly predictive for insig- 
nificant prostate cancer was in 1994 by Epstein et al. using PSA and needle biopsy 
findings: no Gleason pattern 4 or 5, less than three positive core samples, and 
no core sample more than 50% involved (TaBLE 6.11).” Subsequently, the other 
large active surveillance programs have also adopted a requirement of a Gleason 
score of 6 and exclude Gleason score 7 or higher for candidates for active sur- 
veillance (TABLE 6.11). One exception is made by the group from University of 
Toronto, which allows biopsy Gleason score 7 in men over 70 years of age.” The other 
exception allowing Gleason score 7 on biopsy is from the Royal Marsden who admit 
to “deliberately broad” criteria to allow inclusion of patients with intermediate-risk 
disease who are determined to avoid or delay radical treatment.”*'°' Another defini- 
tion used to identify men for active surveillance is D’Amico low-risk category of 
PSA <10 ng/mL, no Gleason pattern 4 or 5, and clinical stage T2a or lower.**'” 


Intervention Criteria 


Criteria for recommending definitive therapy for men previously on active sur- 
veillance vary between institutions (TaBLE 6.12). In part, this variability reflects 
differences in repeat biopsy strategy between programs, which drives whether there 
is tissue to assess potential change in Gleason score and cancer extent on biopsy. 
Rebiopsy of men on active surveillance ranges from annually at Hopkins to only at 
1 year following entry in the Japanese multi-institutional study. With the exception 
of the University of Toronto program, all use an increase in Gleason score to 7 or 
more as one of the criteria to recommending interventional therapy in men on 
active surveillance. In the Hopkins data, upgrading to Gleason 27 on repeat biopsy is 
present in about 50% of the men who are recommended to switch to definitive therapy. 


Change of Grade over Time 


There are limited data as to whether the grade of prostate cancer changes over time. In 
two studies addressing this issue, men who had two TURPs over time, each containing 
cancer, were compared. The second TURP tended to have higher grade cancer, 
with the conclusion that grade worsened over time. However, the reason why a second 
TURP was performed in these men was that the tumor progressed. The majority of men 
with cancer on the initial TURP who did not progress and whose grade may have not 
changed did not get a second TURP and were not factored in. Additional evidence of 
grade progression comes from the demonstration that there is a progressive worsening of 
grade from primary tumor to pelvic lymph node metastases to distant metastases.'°*'°° 
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In men who are being followed with active surveillance and yearly repeat biop- 
sies, within the first 3 years after diagnosis of Gleason score 6 prostate cancer, there 
is a relatively low risk of grade progression (19%). In most cases with repeat biopsies 
showing higher grade within the first 3 years, it is likely that the tumor grade did 
not progress but rather the higher grade component was initially not sampled, since 
most grade changes occurred relatively soon after biopsy. There are some cases show- 
ing an increase in grade after 3 years, which may represent true dedifferentiation, 
but the emergence of a separate focus of high-grade carcinoma is also possible.'” 


CRYOSURGERY 


Cryoablation was originally used primarily for salvage therapy following local failure 
of radiotherapy. In more recent years, cryotherapy is used increasingly as primary 
treatment of prostate cancer. 


Primary Therapy 


In the largest multi-institutional study published to date, patients treated with 
cryotherapy tended to be older (median 70 years), have higher clinical stage 
(median T2a), and have higher biopsy Gleason scores (median 7) with 37.6% 
of men in the D’Amico high-risk category. The Gleason score of the biopsy as a 
component of the D’Amico classification system correlates with the risk of post- 
cryosurgery biochemical progression. '°° 


Salvage Therapy 


When prostate cancer recurs following radiotherapy, it poses unique problems in terms 
of therapy. Due to increased morbidity associated with radical prostatectomy in this set- 
ting, salvage prostatectomy is generally not performed, although done in some tertiary 
referral centers by experienced urologic surgeons. Patients have typically received their 
maximum dosage of prostatic radiotherapy and the cancer has demonstrated resistance/ 
recurrence following radiotherapy, such that additional salvage radiation treatments are 
usually not performed. Salvage cryotherapy in the setting of recurrent prostate can- 
cer following radiation in the absence of metastatic disease has increasingly become 
a treatment option. A nomogram has been developed based on a large group of men 
from multiple institutions predicting the risk of biochemical failure following salvage 
cryotherapy. Serum PSA at the time of diagnosis, Gleason score on initial biopsy 
(S7 vs. >7), and clinical stage at the time of diagnosis were predictive of prognosis 
following salvage cryotherapy performed for postradiation recurrence. Men with 
Gleason score >7 had a 3.4 times risk of failure compared to men with lower Gleason 
scores. This nomogram may help to select the ideal candidates for salvage cryotherapy.” 


HIGH-INTENSITY FOCUSED ULTRASOUND (HIFU) 


High-intensity focused ultrasound (HIFU) focuses acoustic waves on a specific focal 
point to produce temperatures of 85°C that causes cellular disruption and coagula- 
tive necrosis at the focal point of the HIFU acoustic waves. Currently, HIFU as a 
treatment for localized prostate cancer is not standard therapy and has been used in 
some centers in Europe for men who are not candidates for radical prostatectomy 
due to age or comorbidity. In some studies, Gleason grading is not a strict factor 
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in patient selection for HIFU therapy, although most of the patients are in the 
low- and intermediate-risk groups. Patients with biopsy Gleason scores 8-10 have 
a significantly higher risk of progression following HIFU.'° 

Other investigators have restricted HIFU to only low- to intermediate-risk prostate 
cancer with Gleason scores $7.''''!* Based on progression rates after HIFU, some studies 
have recommended that the optimal candidates are those with age 270 years, T1T2NOMO 
disease, Gleason score <7, a PSA <15 ng/mL, and a prostate volume <40 mL.'” 


FOCAL THERAPY 


Focal therapy, which treats only half of the prostate for presumed unilateral cancer, aims 
to occupy a role in between currently standard definitive therapy (radical prostatectomy, 
radiation therapy) and active surveillance. Those men who seek to avoid the morbidity 
associated with standard definitive therapy, yet are uncomfortable undergoing active 
surveillance without treatment of the cancer, may prefer focal therapy as a compromise. 
Cryotherapy, HIFU, photodynamic therapy, and radiation therapy (either unifocal 
brachytherapy or IMRT) have the potential of delivering focal therapy. Unilateral focal 
disease is the one uniform inclusion criteria among studies of focal therapy. 

In addition to unilateral cancer, standard criteria have been proposed to 
include those with low- and intermediate-risk disease, which as part of the defi- 
nition have biopsy Gleason score <8.''? Others have recommended including 
only those with Gleason score <4 + 3 = 7.%*'' The most restrictive inclusion cri- 
teria published in 2007 and updated in 2008 are from the International Task Force 
on Prostate Cancer and the Focal Lesion Paradigm. This task force proposed stan- 
dardized clinical, biopsy, and imaging criteria for focal therapy to identify patients 
most likely to benefit from focal therapy. These criteria require no Gleason pattern 
4 or 5 along with other clinical, biopsy, and imaging requirements (TABLE 6.13). 


Table 6.13 


The International Task Force on Prostate Cancer and the Focal Lesion 
Paradigm’s Proposed Clinical and Biopsy Criteria for Focal Therapy 
Patient Selection 


Clinical 

Clinical stage T1 or T2a 

PSA <10 ng/mL 

PSA density <0.15 ng/mL 

PSA velocity <2 ng/mL yearly in the year prior to diagnosis 


Biopsy 

Minimum of 12 cores 

No Gleason grade 4 or 5 

Maximum percentage of cancer in each core (i.e., 20%) 
Maximum length of cancer in each core (i.e., 7 mm) 


Maximum percentage of total cores with cancer (i.e., 33%) 


Imaging 
Single lesion with a maximum size (i.e., 12 mm) 
Maximum length of capsular contact (i.e., 10 mm) 


No evidence of extraprostatic extension or seminal vesicle invasion 
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The presence of biopsy Gleason score of 6 as opposed to higher has correlated with a 
lower risk of biochemical progression following focal therapy.'! 

There is no widely accepted definition of progression following focal therapy. In some 
cases, only post—focal therapy serum PSA levels are factored in, and in others, follow-up 
biopsies are performed. In terms of defining clinically insignificant cancer on repeat biopsy, 


Gleason score has also been proposed a factor: <3 mm tumor and no Gleason pattern 4/5"! 


CHAPTER 6: KEY POINTS 


Radical Prostatectomy 


e Various nomograms and tables predict pathologic stage factoring in clinical 
and needle biopsy variables. 


The Partin tables and other nomograms relating to men with biopsy Gleason 
scores 8-10 who have undergone radical prostatectomy represent best-case 
scenarios of a select few, carefully screened patients with limited, high-grade 
cancer on biopsy and no evidence of metastasis on radiographic imaging. 


Biopsy Gleason score along with other preoperative clinical and biopsy 
pathology variables can help predict extraprostatic extension in general, side- 
specific extraprostatic extension, and invasion of the neurovascular bundle to 
help aid the intraoperative decision as to whether to resect the neurovascular 


bundle. 


Both preoperative and postoperative data, including Gleason score, can be 
used to predict progression after radical prostatectomy. 


Numerous studies have demonstrated that biopsy and radical prostatectomy 
Gleason score 4 + 3 = 7 have a worse prognosis than Gleason score 3 + 4 = 7. 


The grade of tumor at the margin in radical prostatectomy specimens 
correlates with biochemical recurrence. 


PSA doubling time and radical prostatectomy Gleason score are most predic- 
tive of metastases following biochemical recurrence after radical prostatectomy. 


The strongest preoperative and postoperative variable associated with bio- 
chemical recurrence and metastases after salvage radical prostatectomy is 
biopsy Gleason score. 


A problem with the current system is that Gleason score 6 is typically the 
lowest grade assigned on biopsy material. However, the Gleason scale ranges 
from 2 to 10, so consequently patients are unduly concerned when told they 
have Gleason score 6 cancer on biopsy, logically but incorrectly assuming that 
their tumor is in the midrange of aggressiveness. Combining Gleason scores 
8—10 into one group is also inaccurate. 


In reporting grades on biopsy and radical prostatectomy, one option is to report 
the individual Gleason score (i.e., Gleason score 3 + 3 = 6), while also incorporat- 
ing five Prognostic Grade Groups: Gleason scores 2—6, Prognostic Grade Group 
I/V; Gleason score 3 + 4 = 7, grade group II/V; Gleason score 4 + 3 = 7, grade 
group III/V; Gleason score 8, grade group IV/V; Gleason scores 9-10, grade 
group V/V. 
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